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Preface

Most of you will find that this course is managed and delivered in a way that
differs from your prior classroom experiences. Consequently, many of you may
find the approach unusual and perhaps a few of you will find the approach
disturbing. It is important that you be aware of (and eventually understand and
perhaps value) the reasons for these differences in course management and
delivery. The two most important considerations, the ones which most strongly
motivate how the class is managed, are: 1) active student involvement and, 2)
the role of (course) expectations.

Active Student Involvement

Haven't you always been involved, gore to class, done the assigned reading
and work, and taken the tests? Of course you have, and you will continue to do
so in this class; however, active student involvement goes beyond these
activities. What involvement did you have in:

+ selecting the assignments or the topics to be covered;
improving the course in real time (i.e., while you were taking it),
deciding how the testing was to be done;

+ establishing course goals;

« helping class colleagues to master the material?

You have probably had little if any involvement'in these activities which are the
very activities that are inciuded in the term active student involvement.

Would you like to be actively involved? Probably yes, although you may wonder
if this type of student involvement is educationally sound; will it degrade the
class and the educational experience? The answer is an overwheiming NO. In
fact, research has clearly shown that active involvement actually leads to a
significant upgrade of most classes. Every current journal of education or
educational research has at least one article extolling the benefits of some
aspect of active student involvement. The bottom line is: the more you are
involved in deciding how a course is managed (i.e., constructing your learning
environment) the more you learn and the more you value the learning process.

This body of evidence, collected and analyzed by educational experts cannot be
ignored in engineering education any more than we can ignore the laws of
physics; therefore, for the past two years, we have been actively changing our
course management to incorporate these research findings. This has not
been easy. lt is one thing to agree philosophically with this data but an entirely
different matter to actually incorporate it into my value structure, especially since
we have spent virtually our entire life in a learning culture which says that we,
as the professors, are right and make all the decisions.

Considerable effort and hard work have gone into making the transformation in
my classrooms; however, we have found that our efforts have not been one
hundred percent successful. Some methods and activities that we have tried
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have worked and the results have been fantastic: other methods and activities
have not worked as well and when this happened the students tended to
become frustrated (angry) and reluctant to continue trying to make the class
work!. We have eliminated or modified those activities which have not worked:
however, we have also added some new activities to provide additional
opportunities for you to be significantly and actively involved in the class.

In this class active involvement means you will:

1. help select some of the problems to be studied during
the semester

2. make real time suggestions on how to improve the
course

3. help develop some of the course expectations
4. help colleagues learn
The Role of (Course) Expectations

Expectations2 , We have them, you have them, Society has them; but what is
their role in a course? Without expectations assessment is not possible.
Expectations establish the baseline to which work is compared
(benchmarked). When assessing work, the assessor’s task is to determine if
the work meets, exceeds, or falls short of expectations. Thus, assessment
requires explicit expectations; however, you cannot do any work until you
know the expectations. You have to know what you are trying to accomplish.
You can no more prepare work before knowing the expectations than you can
prepare a design before knowing the requirements.

Historically, classwork expectations were established after the work was
completed (when it was no longer of use to you), established solely by the
course instructor, and were often poorly explained or presented to you. Even
when expectations were discussed, the discussion often took place at a level
of detail that made the discussion virtually meaningless (e.qg., | expect you to
convince me; or, do a complete job). There is toc much room for honest
interpretation about what do a complete job might mean. Expectations such as
do a complete job are a starting point but are no more useful than a design
requirement of must be reliable. To be useful, expectations (and design
requirements) must be defined at a level of detail that is either quantifiable or
has little room for personal interpretation.

We want to change this histcrical method of establishing expectations. First,
we want you to be involved in establishing expectations. The work in

This is not a desirable situation and is the motivation for preparing these notes on the
course. | want to lessen these feelings of frustration with new things that do not seem to
work so that we can werk out solutions and improvements and not just feel bad. Active
involvement requires suggesticns from you on how to improve the course.

2\We are using the term expectations to refer to things which will occur (be present} and not to
refer to things which we hope will occur (be present).
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educational research shows that students produce much better work when
they are involved in establishing the expectations for the work. Second, we
want the expectations to be defined at an operational level, one you can use
when developing and assessing your work. And third, we want these
expectations to be established before the work is started (or at least well before
it is completed). This gives you the target and helps keep the target from
moving.

This workbook contains a set of slides for the first few class periods in which
teams, team building and assessment are discussed. Section C contains a
guide to help you do assessment. We are not expecting you to become
overnight experts at any of this material but we are hoping that by the end of the
semester you will be willing 1o participate in an active student classroom.

So kick back, get ready to work and let's have a fun semester.
LB & BWMcN

i 6
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Schedule for Engineering Core Active Learning and Assessment

12

3

l .
Total Time| Time Class Period 1 : Active Learning '
10 10 Contact Before Work l -
20 10 Getting Started
40 20 introduction to Active Learning I
60 20 Pigs Face Jigsaw
70 10 Break ' :
Total Time| Time Class Period 2 : Assessment l :
5 5 Contact Before Work I _
13 8 Getting Started ' |
28 15 Introduction to Assessment
28 | Levels of Learning Jigsaw
62 34 Becoming an Expert '
72 10 . Break |
90 18 Delivering Tutorials i |
110 20 Introduction to Competency Matrices ' ‘
l |
' .
N
i
l :
i
g
i

)
El{[C Class Schedule for Workbook Training Spring '95: 1/4/95 Page

Full Tt Provided by ERIC.
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' Schedule for Erigineering Core Team Training
§ [FotaiTime| Time Class Period 3 : Jigsaw Part 1
l 10 10 Clearing and Getting Started
20 10 Teams Lecturette
l 40 20 Learning the Material
75 35 Meetings, Bloody Meetings Video
' 85 10 Break
105 20 Develop Tutorial
g 110 5 Session Process Check (+/delta)
i Total Time| Time Class Period 4 : Jigsaw Part 2
: ﬁ 5 5 Clearing and Forming New Teams
: ﬁ 40 35 Teach the Material ( 5 Topics x 7 Minutes/Topic )
55 15 Jigsaw Process Check (Likert Scale)
l = 65 10 . Break
| 70 5 Academic Journal Introduction
’- i Total Time| Time Class Period 4 : Team Norms Part 1
l 85 15 Communication Skills & Norms Lecturette
| I 110 25 Team Player Video
‘ Total Time| Time Class Period 5 : Team Norms Part 2
i 0
= i 10 10 Clearing and Review
35 25 Communications Promoters & Barriers
] i 70 35 Developing Norms
R 80 10 Break
.. l 95 15 Discussion and Constructive Feedback Practice
) 100 5 Session Process Check (+/delta)
I 110 10 Academic Journal Entry

. \) ‘ ,
| Class Schedule for Worklbook Training 13 Spring '95 : 1/4/95 Page Xx
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ay’s Class Activities

+ Before Class Starts

— find a table (area) with no more than five people

~ try to find a table at which you know at most one persoun
< Contact Before Work (10 minutes)

— introduce yourself

— find out who traveled the farthest to class today

< Getting Started (10 minutes)
< Active Learning (40 minutes)

— short introductory lecture (20 minutes)
~ jigsaw (PIGS Face) (20 minutes)

< Break (10 minutes)

Environment and Purpose

- Learning Environment

~ Active (as opposed to Passive)

- Group or team based
- Workshop facilitators (not Lecturers)

+ Purpose and Expected Participant Outcomes
— Learn Major Principles of Active Learning

~ Practice Some Acetive Learning

o




cus on Facilitator’ Signal

The facilitator needs your attention:
* Raise your hands to inform your neighbors
* Finish your sentence

e Do NOT finish your paragraph

o Turn toward the Facilitator

ssue Bin (a useful tool !')

+ Someone will be assigned to be the Issue Bin Collector
+ The following issnies will be assigned to the Issue Bin:
— topics that will or may be addressed later

- questions that can or should be deferred until the end of the
workshop

~ items that can or should be the subject of future workshops

« Paraphrase the issue and record on the board or a piece of paper
which is always visible

+ At the conclusion of the session or workshop, the issues in the
issue bin are brought out, one at a time, and discussed to see if
they are still issues.

« Any issues which remain after the discussion must be addressed
in a future workshop.

16




ode Of Cooperation

EVERY member is responsible for the team's progress and success.
Attend all team meetings and be on time.

Come prepared.

Carry out assignments on schedule.

Listen to and show respect for the contributions of other members; be an active listener.
CONSTRUCTIVELY criticize ideas, not persons.

Resolve conflicts constructively.

Pay attention, avoid disruptive behavior.

Avoid disruptive side conversations.

Only one person speaks at a time.

Everyone participates, no one dominates.

Be succinct, avoid long anecdotes and examples.

No rank in the room.

Kespect those not present.

Ask questions when you do not understand.

Attend to your personal comfort needs at any time but minimize team disruption.
HAVE FUN {1

18, ?
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adapted from the Boeing Airpiane Group team Member Training Manual

A Proposed Learning Culture

MEETINGS INCLASS (F-F)

QUALITY
PRINCIPLES

T >»32m

TEAMS

mZOoIxXxTovmerm-

AND

TEAM
TRAINING

MEETINGS QUTSIDE OF CLASS (F - F)

b
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ive (Cooperative) Learning

< A technique used in the classroom which
employs student-student and student-facilitator
(faculty) interaction in various forms to convert
the learning environment from PASSIVE to
ACTIVE

< Enhances learning
< Substantially improves retention

& Increases in value as the material increases in
conceptual difficuity

edams and Team Training

< Is used to enhance the performance of a ‘group’
(i.e., group ==> Team)

< Applies both INSIDE and OUTSIDE the classroom
< Applies to both faculty and students

% Does NOT just happen;
training is required !

18




uality Principles

% Standardized processes, elementary tools, and a
philosophy emgloyed to induce a systemic change
in the learning environment

% Elements inciude:
— continuous improvement of the process of education
guided by timely feedback from customers
— criterion-hased assessment (e.g., a competency matrix)

— testing as a feedback mechanism,
not as a method for introducing variance

— trust rather than fear

— cooperation, not competition, at all levels

— developing intrinsic, not extrinsic motivation
- anintegratedcurriculum

— patience and persistence

-10

(d these truths also to be self evident:

% Life is for learning.

% Different peovle learn differently and have
aright to pursue learning in their own style
as well as a need to learn the styles of
others.

% Everyone is an educational institution, has
something to teach, and something to
learn.

% Lifeiseclectic. No oneway of teaching,
learning, or leading fits all situations.

% We don 't succeed until we all succeed. 1%

19




.THE STUDENTIS ...

. a critical and important member of the University family
. working hard to develop his or her potential to its fullest.
. a flesh and blood human being with feelings and emotions.

. multifaceted - old, young, black, white, red, brown, yeilow, male,
female, married, single, liberal, conservative, rich, and poor.

.. . the purpose of our work.
Students pay us a compliment by trusting us to serve them.

A message brought tc you by the Associated Students of Arizona State University

-12

Average
Retention
Rate

Lecture 5%

National Trarting Laboratories
Bethel, Maine / Reading \ 10%
/ Audio-Visual \ 20%
/ Demonstration \\ 30%
/ Discussion Group \ 50%
/ Practice by Doing \ 75%
/ Teach Others / Immediate Use \\90%

[




of Learning / Another View

We Tend 10 A Our Level of
Ramember Involvement

bo% / Reading \
Verbal Receiving
[20% [Hearing Words \ p
|30% [Looking & Pictures_\ g
/ Watching & Movie \ Visual s
- - Receiving | |
Looking at an Exhiit
50% / v
/ Watching 2 Demonstration \ E
f Seeing it Done on Location \
/ Parvcipating in a8 Discussion \ Partici-
70% " patng | A
’l Giving a Tak \ nal ©
/ Doing a Dramatic Presentaton r
90% / Sirrulstng tha Real Experience \ v
/ Doing the Real Thing E
e

Effectiveness of Learning Modes

sequences of Teaching and

~ Learning Style Mismatch
(Felder, FIE Meeting, Nashville 1992)

3

+ Students:
— Become frustrated, bored and inattentive
— Do poorly ontests
— Get discouraged about the course, curriculum, themselves
—~ Change to another curriculum or drop out

e ‘Faculty:

— Get defensive or hostile
— Question their choice of profession; focus on research

« Society loses potentially excellent engineers:
- visual, active, reflective learners (most students)
- inductive learners and sensors (experimentalists, plant engineers)
— global learners (systems thinkers, creative researchers)

-13
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-15

quences ... summary

Students may tend toward

1. Sensing or intuitive perception

2. Visual or verbal input

3. Inductive or deductive organization
4. Active or reflective processing

5. Sequential or global understanding

< All combinations of types are needed in
science and engineering

< Most of our teaching is abstract (intuitive),
verbal, deductive, and sequential. Students in
our classes tend to be passive.

< To best serve all our students we should be
reaching all types, not just one.

< If we don't, students suffer, we suffer, and
society loses valuable contributors.

-16

xcerpts from a review of Richard J.
“Lights’s Harvard Assessment Seminars
(1990 and 1992 Repotrts)*

<+ “...the single teaching technique that dominates both the
1990 and 1992 reports is the use of small groups

<+ Small group work was considered as especially effective
for science majors and women

< and as virtually essential for women in math and science.”

*Jim Cooper, Cooperative Learning and College Teaching,
Volume 4, Number 1, Fall 1993, page 15




e Cooperative Learning
ctures and Procedures (7)
(Bits & Pieces)

+ Think-Pair-Share or Formulate-Share-Listen-Create
+ Numbered Heads Together |

« Simple Jigsaw and Extended or Complex Jigsaw

+ Group Discussion with Talking Chips

«+ Three Minute Essay

< Structured Controversy

perative Learning Bromides
(Bits & Pieces)

Contact Before Work
(i.e., provided for some briet exchange between participants)

Beglin With the End in Mind
{i.e., specify the objective or competencies of the experience)

Need to Know Before Knowledge
(1.e.. develop an interest in or need to know the material, or

competencies, to be realized from the experience)

U

Structure Before Task
(1.e.. communicate the structure or how the task is to be

accomplished before commencing the task)

BEST COPY AVAILABLE
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perative Learning Bromides
(continued)

'é%,.

(i.e., during the experience, balance the time and focus on the
process as well as on the Content/Task/Product)

Check for Understanding at Critical Points or Times
(e.g., have someone paraphrase the structure, task, or conclusion
before proceeding with the next step) )

@anco Process (the How) with Content (the What)

-

rocess Check
(e.g., perform a process check at the end of the experience or
at important interim steps using “+delta”, checklists or other
forms 1o obtain timely feedback from the participants)

Reflection
(i.e.. pause for brief or even extended periods 10 think about what you have learned
and/or the process used 1o leam; keep an academic journal of your reflections

 Essential Elements
of Active Learning (4)

<+ _Positive Interdependence
<+ Individual Accountability
« _Group Processing

<« _Social Skills

<+ _Face to Face Interaction

oD
PEN

A-20




Simple Jigsaw Exercise

<« Count off in your groups from1to 5
< Depending on your number you will read a
paragraph (3 minutes)
~ 1’s read about Positive Intercependence
—~ 2's read about Individual Actountability
- 3’s read about Group Processing
—~ 4’s read about Social Skills
~ §’s read about Face to Face Interaction
< Prepare a 1 minute tutorial on your reading to
teach your other group members what you
have learned (5 minutes)

< In sequence deliver the tutorials (5 minutes)

<+ | will call, at random, for discussion of these
paragraphs (5 minutes)

Positive Interdependence

Positive Interdependence exists when students believe that they are linked
with others in a way that one cannot succeed unless the other members of
the group succeed (and vice versa).

Students are working together to get the job done. In other words, st fents
must perceive that they "sink or swim together.”

In a problem-solving session, positive interdependence is structured by
group members

(1) agreeing on the answer and solution strategies for each problem
(goal interdependence) and

(2) fulfiling assigned role responsibilities (role interdependence).

Other ways of structuring positive interdependence include having common
reward, being dependent on each other’s resources, or a division of labor.

(g
|

A-21
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vidual Accountability

Individual accountability/Personal Responsibility requires the teacher to ensure that
the performance of each individual student is assessed and the results given back
to the group and the individual.

The group needs to know who needs more assistance in completing the
assignments and group members need to know they cannot “hitch-hike” on the
work of others.

Common ways to structure individual accountability include:

% giving an individual exam to each student,

< randomly calling on individual students to present their group’s answer,

< giving an individual oral exam while monitoring group work (e.g., while the
individual student is delivering an ‘expert' tutorial to a small group).

% Group Processing

Group processing (e.g., process check) involves a group discussion of how well they
are achieving their goals and how well they are maintaining effective working
relationships among members.

At the end of their working period the groups process their functioning by answering
two questions:

(1) What is something each member did that was helpful for the group and

(2) What is something each member could do to make the group eve. better
tomorrow?

Such processing: (1) enables learning groups to focus on group maintenance, (2)
facilitates the learning of collaborative skills, (3) ensures that members receive
feedback on their participation, and (4) reminds students to practice collaborative
skills consistently.




Aruitoxt provided by Eic:

social Skills

Social (collaborative) skills are necessary for effective group functioning.

Students must have and use the needed leadership , decision-making,
trust-building, communication, and conflict-management skills.

These skills have to be taught just as purposefully and precisely as
academic skills.

Many students have never worked cooperatively in learning situations
and, therefore, iack the needed social skills for doing so.

Face to Face Interaction

Face to face promotive interaction exists among students when students
orally explain to each other how to solve problems,

discuss with each other the nature of the concepts and strategies being
learned,

teach their knowledge to classmates, and
explain to each other the connections between present and past learning.

This face to face interaction is promotive in the sense that students help, assist,
encourage , and support each othetr's efforts to learn.

A-26
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ESession Agenda

Before Class Starts

+ find a group with less than four
members and sit down with them

. Contact Before Work 5min
. Getting Started 8min
. Assessment - Introduction 15min
. Levels of Learning Jigsaw
+ becoming an expert 34 min
+ break 10 min
+ delivering a tutorial 18 min
- Introduction to Competency  ,, .
. min
Matrices

. The Environment and Purpose

. Learning Environment

+ Active (as opposed to Passive)
+ Group or team based

+ Workshop facilitators (not Lecturers)

- Purpose and Expected Participant Outcomes
« Become aware of what assessment entails
+ Become aware of how assessment is done

+ Become interested in the assessment process




Focus on Facilitator’ Signal

The facilitator needs your attention:

* Raise your hands to inform your neighbors
* Finish your sentence

* Do NOT finish your paragraph

o Turn toward the Facilitator

- S

Collector
« The following issues will be assigned to the Issue Bin:
+ topics that will or may be addressed later

» questions that can or should be deferred until the
end of the workshop

« items that can or shouid be the subject of future
workshops

- Paraphrase the issue and record on the board or a
piece of paper which is always visible
- At the conclusion of the session or workshop, the

issues in the issue bin are brought out, one at a time,
and discussed to see if they are still issues.

« Any issues which remain after the discussion must be

addressed in a future workshop.

30




Code Cf Cooperation

.............................................

1

2. Attend all team meatings and be on time.
3. Come prepared.
4

5

Carry out assignmaents on schedule.

Listen to and show respact for the contributions of other members; be an
active listener.

6. CONSTRUCTIVELY critic!ze Ideas, not persons.
7. Resolve conflicts constructivaly.
8. Pay attentlon, avold disruptive behavior.
9. Avold disruptive side conversations.
10. Only one person speaks at a time.
11. Everyone participates, no one dominates.
12. Be succinct, avold long anecdotes and examples.
13. Norank in the room.
14. Respect those not present.
15. Askquestions when you do not understand.
16.  Attend to your personal comfort neads at any time but minimize team

disruption.
17. HAVE FUN !
8. ?

adapted from the Boeing Airplane Group team Member Training Manual

You Know?

Do you know the symbol used for oxygen?
Do you know the valence for oxygen?

Do you know the obit or spin direction of the
valence electrons?

Can you balance the following chemical
equation?

* 02 + H2 ““““ > H20
Can you write down and explain the half

reactions that are associated with the above
reaction?

- Can you propose a process for the creation of
* methyl alcohol (methano! CH,OH)?




What Is Your Attitude?

molecular oxygen in our atmosphere is O,?

- How do you feel when | tell you that the
atomic weight in amu’s of oxygen is 159, 15.9,
15.99, 15.999, 15.9993, 15.9994, 15.9995?

- How do you feel when I tell you that the
valence electrons for oxyden are in the 2p
orbital?

- How do you feel when i tell you that oxygen
can be generated from moon rocks?

- How do you feel when I tell you that a new
atomic element has been found in the last six
months?

-Levels of Learning (Lol.) & .
Degrees of Internalization (Dol)

- Cognitive Aspects (thinking aspects)?
+ Knowledge

+ Comprehension

+ Application

+ Analysis

+ Synthesis

+ Appreciation (Evaluation)

- Affective Aspects (feeling aspects)?

* Receiving

» Responding
* Valuing

Bloom et al 1956
2Krathwoh! et al 1964




LoL & Dol Jigsaw

Classroom

) iy Countoltby X
:"‘;"c'“" . 2 Locale Expertable
o gsaw i for your number

9

i for your number

VEducatehe
{ Propares .
- GiveReport !

Everyone review Part | of the Self Evaluation
Guide (Section C of Workbook)

- In addition, read from Appendix A of the
Guide as follows:
+ Table 11is to read Valuing & Knowledge
+ Table 2 is to read Receiving & Comprehension
+ Table 3 is to read Responding+ & Application
+ Table 4 is to read Valuing & Analysis

+ Table 5 is to read Receiving & Synthesis
+ Table 6 is to read Responding & Evaluation

+ 1fyou have people who do not have the Orange Workbook,
please share your workbook for this
exercise.




B -1

Becoming An Expert

Read the material that has been assigned to your experttable

- Discuss the reading with your expert team members to reach
understanding on meaning and importance of the various
ideas

« As ateam, develop a two minute tutorial that you can use to
teach other members of the class about your level or degree

- Asan aid in preparing your table's tutorial prepare a class
assignment that, if done, could be used to demonstrate
mastery at your table’s LoL.. What sort of work product would
be created by a person doing your assignment at your level?

« if your group has become experts in either Knowledge,
Comprehension or Application prepare an assignment on:

« if your group has become experts in either Analysis,
Synthesis or Evaluation prepare an assignment on:

B -12

Presenting The Tutorial

The two minute tutorials should be delivered in the following
sequence:

* Recelving
Knowledge
Responding
Comnrehension
Application
Analysis
Valuing {dellvered by elther fifth team member or person who did not do
Analysis)
- ltis a good idea to check each other to ensure that everyone is
learning the material to at least the Knowledge Lol and
Receiving Dol

- After all the tutorials have been delivered spend a few
moments in clarification

34




What is Assessment?

- Assessment is a process used to answer the
questions:
* what do you know ?
+ how well do you know it ?

- The answers to these questions are based on
the evidence? that you supply to the person
doing the assessing

'In this class all the evidence wili be collected and organized
in a Portfolio (see Part lll of Self Assessment Guide in Section
C of Orange Workbook for more information on Portfolios)

Stages of Knowledge!

S
f 2 you know 3 thytou kn:(:w
at you know
§ that you do not know High
A (conscious Incompetence) | (consclous competence)
w 1 you do not know 4  youdo not know
a that you do not know that you know
r Low
e (unconscious incompetence)| (unconscious competence)
n
e Low High
s
s Competence

1 Mr. House - Hewlett Packard
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The Workbook Competency
Matrix

Open your Orange Workbooks to Section H and turn to page 2 of 5.
For each of the following questions silently consider an answer and
then share with your group members. A person selected at random
will be asked to give an answer,
What are some of the topics to be covered by the material
in the workbook?
. How have the topics been organized on a page (you might
like to look at the Tree Diagram on page G - 19)
Is it assumed that you have any pre-knowledge about any
of these topics before you came to class?
. What do the 2's, 3's, 4's, and 5's mean?
What level of cognitive and affective behavior is expected
after this class for
+ Knowledge
» Synthesis
* Relfliectlon Logs

Updating Your Workbook ?
Competency Matrix

+ Look at each of the competefibieé’ '

« if you recognize that a competency was presented today
put a check in the appropriate row under Receiving

« for each competency that you checked for Receiving, find
the slide in the workbook that introduced the competency
and enter that slide number in the appropriate row under
Knowledge.

Find the competency for the items related to
your tutorial
» put a check in the appropriate row under Responding

« for each competency that you checked for Responding,
find the slide In the workbook that you used in
developing your tutorial and enter that slide number in
the appropriate row under Comprehension

36
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Preface

In this class you will be creating a Portfolio of your work and developing a special index to this work.
A Portfolio is just a fancy name for an organized collection of all the work you will underta...: during
the semester. Some of you may already have methods for organizing your work; however, in this
class you will be asked to organize the work in a specific manner which will allow a simplified means
of assessing your performance. At the end of the semester your Portfolio will contain the evidence
of what you did and, by implication, evidence of what you have learned. Theoretically, it should be
possible at the end of the semester for anyone who knows the course expectations to look through
your collection of work and decide how well you did in meeting those course expectations (i.¢., assess
your performance). The grade you receive in the course is a function of this type of assessment.

The assessment job can be simplified if it is easy to find the specific work that is related to a specific
course expectation. For example, if during the course it is expected that you will learn how to extract
derivatives of trigonometric functions, it would help to know where in your Portfolio there is work
related to extracting trigonometric derivatives. This connection from expectations to specific pieces of
work can be constructed in several ways; however, in this class the connection will be created using
an index known as a Competency Matrix. You will build this index continuously during the semester
as you do your course work and put it into your Portfolio.

You may be asking yourself Why all the fuss with Portfolios and Matrices? What was wrong with the
old way of just submitting the work and getting a grade? Using Portfolios and a Competency Matrix
greatly enhances the assessment process: first, assessment is more uniform (i.e., fairer); second,
individuals other than the course instructor may do the assessing. In particular, it makes it possible for
you to do the assessment. Exactly how much self assessment you actually do will be a function of the
specific course and faculty; however, you can expect to do some self assessment, and in some cases
you may do the majority of assessment.

Acknowledgments

The material presented in the Guide is a compilation of the thoughts and experiences of Drs. Jim
Bailey, Lynn Bellamy, Don Evans, Mark Henderson, Darwyn Linder, Barry McNeill, Jack Pfister,
and Greg Raupp as they attempted to utilize the concept of a competency matrix in the evaluation of
student performance in their classes during the last several years.

I.B & BWMcN
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Part I -- Introduction

Have you ever wondered:

1. what an education is, or

2. what it means when you learn something, or

3. if you only learn in school, or

4. whether your education stops when you leave school?

These are not easy questions to answer and some people spend their entire lives attempting to
formulate answers; however, difficult as it may be, you do need to think about answers to these
questions. Before reading further you might like to jot down some reflections on these questions.

Education and Learning

So what are some answers to these questions. Starting with the most difficult, i.e., question 1,
education is defined in The Random House College Dictionary as:

the act or process of imparting or acquiring general knowledge and of developing the powers
of reasoning and judgment.

This shows education to be an active, dynamic thing (imparting, acquiring, developing). Education
causes a change in your general knowledge and/or in your ability to reason and to use judgment.

Following this definition it seems reasonable to expect learning to be associated with the actual
acquiring or developing part of this definition. When you learn a history lesson you are obtaining
knowledge about the activities going on during some period of time. When you learn to drive a car
you gather knowledge about the car, the rules of the road, and develop a sense of when itis and is not
safe to pass, a reasoning/judgment activity. So learning is the method or way by which you acquire
and develop knowledge and wisdom. There is no single, correct, way to learn something; different
people learn things in different ways.

The third question, suggesting that you can only learn something in school, is clearly erroneous.
School in only one of the many places that you learn. You certainly learned how to walk and talk
outside of school. You learned to drive a car outside of school. In fact, much of your learning takes
place outside of school. Education is not limited to schools or universities.

Life Long Learning

Now to the last and probably most important of the four questions: does the end of schooling mean the
end of education? The answer is a resounding NO. In fact, your education never stops. If you want
to continue to be a productive and useful person you must continue to learn throughout your life. As
your interests and needs mature and change you need to acquire and develop new information and
judgmental skills. A university degree merely starts you down the road of life long learning.

If the University does not complete this education process, what does it do? Universities help you
move to adulthood with its myriad of responsibilities. At the undergraduate level, Universities are
learning environments that help you learn how to learn so you, as an adult, can take full responsibility
for your own education. Universities help you to learn! at a time when you may not be mature enough
or have enough knowledge to know what you need to learn. However, Universities must eventually
wean you from depending on authority figures to define what you need to learn; eventually you will

leave the University and unless you know how to learn, your education will stop prematurely at
graduation.

le.g., a structured curriculum
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Introduction

The primary goal of a University is to graduate Life Long Leamers, people who can learn by
themselves, people who can learn and want to learn autonomously. Philip Candy has developed a set
of characteristics of an Autonomous Learner (Figure 1). Read through Figure 1 and see how many of
these traits apply to you. Do not be overly concerned if the answer is not many; much of what you
will do in this class is aimed at starting the change in your attitude toward learning; i.e., moving you
closer to the profile of the autonomous leamer.

Educational States

By definition, education is a process, which means that things change. So what is changing and how
do you measure this changing quantity? What is changing are your behaviors, attitudes, knowledge,
skills, and reasoning powers. This collection of attributes is covered under the umbrella concept of an
Educational State. Thus, the definition of education becomes:

Education is the process that changes a person’s educational state

Traditionally, the evaluation of the status of your educational state has been done by course instructors
who assign a grade to indicate your state. While it may be relatively easy to let instructors do this
evaluation of your work (i.e., you do the assigned work, submit the work, and wait to see what the
instructor reports), in the long term you must be the persor doing the evaluation. You cannot
continually rely on someone else to tell you how you are doing; you must learn how to evaluate your
own educational state so you can make the required improvements.

How can educational states be defined or characterized? While there are many ways to do this, one
way is to characterize ycur educational state by the activities and actions (i.e., behaviors) of you and
your teacher. Reflect back over your time in school; you should be able to recognize the major
changes that have taken place in your activities. During the first several years you learned facts and
worked simple, single concept problems; during the latter years you worked problems that
combined many different concepts and skills.

In the early 1950’s a group of educational psychologists addressed the problem of defining educational
states. To quote from the Foreword to their first efforts:

It (this work) is intended to provide for classification of the goals of our educational system. It
is expected to be of general help to all teachers, administrators, professional specialists, and
research workers who deal with curricular and evaluation problems. It is especially intended to
help them discuss these problems with greater precision.2-

These psychologists divided the problem into three behavioral domains: the cognitive, dealing with the
recall or recognition of knowledge and the development of intellectual abilities and skills; the affective,
dealing with interests, attitudes, appreciations, values, and emotional sets or biases and the
psychomotor, dealing with the manipulative or motor-skill area. These psychologists attempted to
define a finite set of recognizably distinct behaviors and then sequence these behaviors in the order
they occur when someone is learning (i.e., they were striving to define a taxonomy of cognitive,
affective, and psychomotor behaviors associated with learning).

Cognitive Domain

A taxonomy?3 (a handbook), that dealt with the cognitive domain, was published in the mid 1950’s.
After much discussion and testing of ideas with a wide range of colleagues, Bloom et al. proposed a
cognitive taxonomy containing six major categories. In order of increasing complexity (and learning)
they were: Knowledge, Comprehension, Application, Analysis, Synthesis, and Evaluation. Each of
these categories was characterized by a different set of abilities (behaviors) exhibited by a person

operating in the category. This taxonomy was widely accepted and is the basis for many curriculum
development efforts.

2TaJconomy of Educational Objectives Book 1 Cognitive Domain, Bloom et al, Longman, 1956.
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Introduction

Learners Capable of Autonomous Learning Will Characteristically:

Be Methodical / Disciplined

»  Beable to focus on an area of interest

»  Develop individual plans for achieving goals

»  Establish personal priorities

» Pay close atiention 10 details of an ongoing project

Be Reflective / Self-Aware

»  Decide what knowledge and skills to learn

»  Have a self-concept as an effective leamner

»  Know his or her strengths and weaknesses

»  Understand his or her own values, interests, abilities, and knowledge
Demonstrate Curiosity / Openness / Motivation

*  Be curious, with a continual need to learn

»  Be “cognitively open” with regard to phenomena

»  Confront questions and problems willingly

Be Flexible

*  Be able to learn in many situations - from conversations, through reading, and by observation
*  Be able to learn from listening, taking notes, reading, or memorizing

*  Be able to accept or reject material

»  Beable to achieve or abandon goals

Be Persistent / Responsible

»  Be capable of intellectual concentration

»  Stick to plans, modifying as necessary

»  Have atolerance for frustration

*  Detect and cope with personal and situational blocks to learning

Have Developed Information Seeking and Retrieval Skills

» Intelligently select and use most relevant sources of information

+ Identify, and know how to use, resources appropriate to different kinds of learning objectives
*  Beable to establish fecdback mechanisms for day-to-day performance
Have Knowledge About and Skill in ”Learning Processes”

*  Be capable of reporting what he or she has learned in a variety of ways

»  Be able to decode a message - textual, auditory, or visual

*  Have developed skills in taking notes, remembering, and relating
Develop and Use criteria for Evaluating

» Be able to select what is of value from the mass of information available
+  Participate in diagnosing ,rescribing, and evaluating his or her own progress

Figure 1 Profile of the Autonomous Learner3

3Excerpted from : Philip A. Candy, Self-Direction for Lifclong Learning. San Francisco, Jossey-Bass, 1991, pp 459 -
466
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Introduction

In the late 1980’s and early 1990’s David Langford, in attempting to implement an important aspect of
the quality culture (empowerment) into the classroom, recognized that the cognitive taxonomy could be
used by the students as well as the teachers to determine where they were relative to these various
objectives. Langford proposed having the students use these educational objectives to do self
evaluation. Langford renamed the objectives Levels of Learning, changed the name of Comprehension
to Know - How, and developed summaries of the types of activities a student and teacher would
undertake when they, the students, were operating at these various Levels of Learning®.

A modification to Langford’s material on typical activities can be found in the first six pages of
Appendix A. This material consists of answers to a set of seven standard questions. The answers to
the questions change as the Level of Learning changes. For example, at the Knowledge Level the
question How do I know I have reached this level? is answered , [ recall information; at the Synthesis
Level the same questions is answered, I have the ability to put together parts and elements into a
unified organization or whole that requires original, creative thinking,. Carefully read the answers to
these questions in Appendix A, paying especially close attention to the first two and last three
questions for each of the levels.

Affective Domain

As the psychologists had pointed out in the 1950’s, there is more to defining an educational state than
is covered by cognitive behaviors (Levels of Learning). There are the affective behaviors that must
also be considered. These affective behaviors cover a wide variety of issues ranging from the
willingness to receive and try new material, or the interest in what is being learned, to a sense of value
with regard to what is being learned or how the material is being learned. Aside from these sorts of
issues, the affective domain also involves the related issue of Character (honesty, integrity,
truthfulness, etc.). Myron Tribus, in several of his recent essays?, states that Character is one of the
major categories of attributes that should be cultivated in a school or university.

What are the affective stages you pass through during the learning process? In the mid 1960’s a subset
of the group of educational psychologists who had produced the cognitive taxonomy published a
second taxonomy®, one that dealt with the affective domain. Compared to cognitive behavior,
affective behavior is a much ‘softer’ (i.e., harder to define) type of behavior with the result that the
development of the affective taxonomy was a rather difficult task. It was hard to define exact
categories of behavior that had definable boundaries; the categories seemed fuzzy and blurred rather
than crisp and focused, as was the case for the cognitive categories. Eventually Krathwohl et al.
defined five major categories which, in order of increasing complexity called Degrees of
Internalization) were: Receiving, Responding, Valuing, Organization, and Characterization by a Value
or Value Complex. Each of these categories was characterized by the set of behaviors exhibited by a
person operating in the category. Because the affective domain is rather fuzzy, the affective taxonomy
has never enjoyed the wide spread acceptance given to the cognitive taxonomy.

The last pages of the material in Appendix A address the affective domain. You will find general
material for the first three Degrees of Internalization. Only the first three Degrees of Internalization are
discussed since the final two degrees are not considered by the author to be appropriate for use in the
university classroom setting. These top two degrees involve the integration of the value of learning
and material learned into your personal value structure, a structure that encompasses much more than
educational values; thus movement to these higher degrees of affective behavior must take place
outside the classroom, in the broader context of your life.

4Total Quality Learning Handbook, Langford Quality Education, 1992

5 Quality Management in Education, and Total Quality Management in Schools of Business and of Engineering, Myron
Tribus, Exergy, Inc., Hayward, CA

6Taxonomy of Educational Objectives Book 2 Affective Domain, David Krathwohl ct al, Longman, 1964.
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Psychomotor Domain

The last piece of the educational state is defined by your psychomotor skills and abilities. As of this
writing there has been no definitive taxonomy developed for these attributes; therefore, you will not be
expected to evaluate this part of your educational state.

This Guide

The remainder of the material in this guide is organized into three parts and a set of appendices. Part II
discuss expectations concerning the presentation of your work. Part III introduces the mechanics of
creating and using the portfolio. Part IV is a more detailed discussion of the assessment process and
attempts to explain the steps in more depth. If you have never used a Portfolio or Competency Matrix
you will want to read the first part of Part II and all of Part III, and do the work suggested. Once you
have a general understanding of what is expected you will want to read Part I'V to get a better
understanding of the process and improve your process.

Version 3 1-5 “@ S Workbook Section C




Part II -- Presentation of Technical Work

Before discussing how to organize and assess your work it is necessary to generate and present some
work. You have, of course, had experience in this area’; however, I am sure you have had situations
where the evaluation of your submitted work was lower than expected in part because the work, while
technically correct, was not presented well (in the eyes of the teacher). Your ability, and that of
others, to assess your work depends, to a large extent, on how you choose to present (i.e., document)
your work. A large part of the evaluation process is directly related to the quality of the presentation,
which is related to the evaluator’s expectations. It is necessary that you realize what is expected so that
you can supply it.

This portion of the guide presents some general traits of quality presentations and then addresses some
specific presentation issues.

General Presentation Traits

While specific expectations for presentations vary depending on what sort of task you are documenting
or whe 1s reading (evaluating) the material, there are some general, philosophical guidelines, that can
help you achieve a good presentation (documentation) of your work. Initially, these traits may seem to
require extra work and be solely associated with a desire to make the work understandable to someone
other than yourself. Upon reflection, however, you will realize that this work is not really exira.
When you do the extra work required to make the work understandable (i.e., presentable) to other
people, you actually achieve a better understanding of what you have done (are doing) and with this
understanding comes the knowledge of how to do the work even better than you first envisioned. Itis

hard to consider anything that allows you to do your work better to be considered as extra work.
When presenting your technical work, here are some traits you should strive to achieve:

1. explain whatis going on

You should attempt to let the reader know, at all times, what is going on. This means
explaining what is being attempted, why it is being attempted, and what method is being
used. This also means that at the conclusion of a task you explain the consequences or
meaning of what you have just done.

2. make explanations clear

Trait #1 addresses the need to explain what is going on; this second wrait involves making
explanations clear (i.e., reducing the variation in interpretation ). Clarity is often enhanced

by using sketches, plots, figures, or some other type of graphical presentation to augment the
text. Clarity is also improved when terms and variables are defined.

3. make it readable

If you make the work easier to read you will improve the presentation. Explaining clearly
what is going on imnroves readability. Other ways to improve readability include providing
neat work, clean sketches, binding the material so that it does not fall apart and yet is easy to
access, numbering the pages, etc.

4. make it clear whose work it is

It should always be clear who did the work and when the work was done. This is usually
done by dating and initialing each sheet of the work product.

You should strive to incorporate these traits into all your presentation efforts; omitting even one of the
traits reduces your ability to produce an adequate presentation.

7During high school and college you have donc homework, generated reports, cic. that were submitted to a teacher for
evaluation (grading).

Version 3 -1 workbook Section C

4'7

S —— A T AR



Presentation of Technical Work

Presentation Expectations for Some Types of Technical Work

There are clearly many different types of work to be documented and no attempt will be made here to
address all these types. Rather, the expectations for a few types of work, work that you will encounter
in your engineering classes, will be discussed. Homework, plots, computer models, and other work
products will be discussed. If this is your first time through the guide you may want to skip the
material on models and come back to 1t at a later time.

Homework

You have homework in every engineering class that you take. While you will find that the format for
homework (e.g., the size of the margins, the order in which material is presented, the way results are
presented, etc.) will vary from class to class, you will also find that the expectations for what is
presented will not vary significantly from class to class.

When the general traits of good presentation are applied to your homework, the following set of
expectations emerge.

1. State The Problem

Write down the problem statement as it is given in the book or assignment sheet. This sets
the context for the problem and the work (addresses general trait #1).

2. Draw An Appropriate Diagram Or Sketch

The diagram should show the information given in the problem and show what is required or
desired. Thus, if the problem were to determine how much force it would take to lift a safe
using a lever and fulcrum (pivot), then your diagram would show the lever, the fulcrum, the
safe, and you pushing down on the lever (addresses general trait #2).

3. Describe Your Process of Analysis

Describe in a few sentences what process, methods, and approaches you used in analyzing
the problem. You should include any assumptions you have made. For example, in the
safe/lever problem, you might report that you are going to use a force balance (or
equilibrium). This should be more detailed than just stating a general name (e.g., force
balance); you should describe a few of the key steps in the named process (addresses general
trait #2).

4. Perform the Analysis

For the process described in 3 above, work the problem. Working the problem includes
documentation of your analysis, including all appropriate intermediate results. Note that
documentation of the analysis process (working the problem) is as important as the final
result (sometimes known as the answer) obtained from the analysis.

5. Discuss the Results of Your Analysis

You must contemplate or reflect on your results and present some comments about the
results. What do the results mean? Is the result bigger (smaller) than expected? Is the result
reasonable? What might be done next? These are only a few of the possible questions you
could address when you are writing your discussion of the result (addresses general trait #1).

If your work has created a plot or a table of figures then you must discuss each of the plots
or tables. What is the rend? Can you extrapolate?

When you prepare your homework for this or any other engineering class, you are expected to
adhere to these five points. Failure to follow anyone of these points means that you are not meeting

the expectations of most faculty (and as you will see later, not meeting your own presentation
expectations).

§
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Presentation of Technical Work

Graphical Material (including plots)

A considerable amount of information is contained in pictures; hence, your work will often contain
significant amounts of graphic information (general trait #2). This graphic material is generally either
pictures of an artifact or plots showing the relationships among some variables. Because pictures
contain so much information concisely (i.e., pictures capture the essence of the material) graphic
material is frequently copied and distributed, often without the accompanying text. Since this practice
is so ubiquitous, it is critical, when preparing graphic material, that you:

1. add enough annotation to the material that the picture makes sense standing alone, and
2. prepare the graphical material so that it can be reproduced.

This means that you must include titles and labels on all your graphic material, and you do not put
your drawings on green grid graph paper using a number 3 pencil.

Aside from these two general items, there are some standard expectations concerning the presentation
of plots that you will want to be aware of and follow. These plot expectations are:

1. Both axes of a plot must be labeled, including units when appropriate. The use of only a variable
{e.g., V) as the label is discouraged because of the different interpretations (e.g., is V volume,
velocity, etc.). Using only variables as labels is not in keeping with general trait #2.

2. The divisions for each axis must be marked. The value the plot origin (intersection point of axes)
must be clear.

3. The dependent variable (the variable calculated) is always plotted on the vertical (y) axis
while the independent variable (the variable you changed) is plotted on the horizontal (x) axis.
This expectation has ramifications concerning plot titles (see item 4).

4. The plot must have a descriptive title, including a Plot or Figure number. The title P vs T is not
considered to be descriptive and must be replaced with something like Container Pressure as a
Function of the Internal Tank Temperature. The title should list the dependent variable first
and the independent variable second. For example, if the title is Production Flow rate vs
Compressor Discharge Pressure, you know that the discharge pressure (mentioned second) is the
independent variable and is shown along the horizontal axis while the flow rate (mentioned first) is
the dependent variable, plotted along the vertical axis.

5. If you are displaying a number of related curves on the same plot you need to have a concise
legend defining the various curves.

6. Data points used in generating the plot are generally shown.
7. Smooth curves are generally dra~/n through or near the data points to show the trend.

The above expectations are true for any plot, whether it is hand or computer drawn, found in ycur
homework or in a report. You may find that computer drawn plots do not meet some of these
annotation standards. In such cases it is entirely permissible to add the annotation after the plot has
been generated. You can add this annotation by hand, with a typewriter, or transfers.

Analytical Models?

Models play a significant role in engineering and it is very important that you realize what is expected
when presenting your work. The material that follows is divided into three major areas: first, how to
present the work related to the development of the model; second, what is expected concerning the
model itself; third, presenting the work related to the use of the model.

8This matcrial makes sense only after you have some idca of what analytical models arc. If you do not have this
knowledge then skip this section and come back later after you start building and using analytical models.
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analytical model development

What is expected for aralytical model development follows directly from the general traits.
Analytical model development concemns all aspects of assembling the set of equations that are used to
predict performance. After reading the model development material it is expected that the reader will
believe that the work is complete and correct. It is expected that all model development work will:

1. define the system being modeled (general trait #1 & 2),

define the model limitations (general trait # 1),

define the model variables (general trait #2),

establish the appropriateness of the modeling method (general trait #1), and
. establish the correctness of the model’s results (general trait #1).

The ﬁrst three items are relatively straight forward and probably reflect the sorts of definitions you
have already been including in your presentations. However, the fourth item may not currently be part
of your presentations. For homework problems the appropriateness of the modeling method is often
assumed (implicit and not stated); why else would the assignment have been given. Even so, it is
important to address this issue when presenting model development. There are several ways to
establish the appropriateness of your model. You can cite experts. You can also construct the model
from basic principles of science and mathematics. Appropriateness also requires addressing whether

you have the necessary resources (time, money, computer power, expertise, etc.) to implement the
model; i.e., applying Occam’s razor.

The last item is an issue you may or may not have explicitly addressed to date. Itis expected that you
will present work to show that the model is actually working correctly (i.e., that there are no errors in
the model). This is not a trivial task and there are a variety ways you can show that your model is
working correctly, each with a different degree of credibility. Probably the best way to show model
correctness is to run your model with a test case that has known results (e.g., run a homework
problem from a text book). If this is not possible the next best method would be to show that the
model generates results (designs) similar to existing designs (e.g., the models predict rocket nozzle
sizes of the same size as those found in industry). Next might be to show that the model behaves
correctly (i.e., when inputs are changed the outputs change in the predicted fashion). Some
confidence in model correctness can be obtained by showing that the model generates correct order of
magnitude answers. Probably the method least likely to convince, although it does provide some

evidence of model correctness, is to show that the model reproduces the results of some earlier paper
and pencil work.

Ut-bb.)l\)

computer models

The above discussion applies to any model that is developed, independent of the method or tools used
in running the model. When developing computer models there are some additicnal documentation
expectations that help assure that the computer model is understandable and correct.

high level languages

If the model is developed using a high level language such as C, the computer code must include
comments and a variable dictionary. A listing of the program must be included. The listing should be
easy toread (i.e., not bound into the documentation in such a manner as to make reading impossible).
Any model that exceeds several hundred lines of code should be broken up into a set of smaller

subroutines or procedures with an accompanying flowchart to explain the general program logic and
control.
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equation solvers

If the model is developed using an equation solving program such as TK then the documentation must
include a completed Variable Sheet? including the Units and Comments Columns. The Variable Sheet
must show a consistent set of values for all variables. You must also supply a copy of the Rule
(Equation) Sheet. The Rule Sheet should contain some general comments to tie major sets of
equations together. There must be enough annotation on the Rule Sheet to explain the basis for the
various equations or sets of related equations. If the model uses any special user defined functions
these should also be included in the material submitted. User functions should be documented in the
same fashion as the equations on the Rule Sheet. :

spreadsheets

Documenting a model using a spreadsheet may be more difficult than using high level languages or
equation solvers because spreadsheet equations use cell addresses rather than variable names. This
problem has been partially ameliorated by including the ability to name single cells in a spreadsheet.
Names assigned to single cells may be used in the formulas in place of absolute cell addresses. Arrays
may also be assigned names but individual elements of the array may not be addressed with the
name. However, the array name may be used in built-in functions in place of the range. In
spreadsheets, a clearly defined title or heading must be assigned to each column and/or row of the
sheet and it may be appropriate to use an adjacent cell to identify or label the contents of an individual
cell. If the equations in the spreadsheet are not intuitively obvious, then you should append a report
that explains what calculation is being performed in each cell. The report may be appended using the
‘cell notes' feature of most spreadsheets.

In developing a spreadsheet model, there are some matters to consider which will generally lead to a
robust, easily maintained, quality model. In particular:

1. Start with a plan. Sketch out what the spreadsheet is going to look line on paper.

2. Keep data entry and calculation areas separate. If the sheet has numerous inputs or data, you may
want to have an entire screen reserved for the inputs or data.

3. Use the paper sketch above to construct the actual spreadsheet.

4. Concentrate the entry of your inputs or data in one area or block. Arrange the inputs or data in
contiguous cells (i.e., sequential rows in a few columns, or sequential columns in a few rows).

5. Do not use numerical values for "design constants or parameters" in your formulae. Use cell
references and assign names to the cells containing the current numerical values of these "design
constants or parameters”. This will allow you to change these values without Changing the
formulae. For example, enter the numerical value for the time step in a cell and use this cell
reference or name in your formula for calculating time.

6. Separate, decompose, or parse large or complex calculations into a set of smailer or simpler
calculations. Place the smaller or simpler calculations in adjacent or contiguous cells in the sheet.

7. Always test, validate, or calibrate your spread sheet (see item 5 under model development).

8. Use cell protection for protection and highlighting of areas that contain formulae or other
information that will not be changed frequently.

Use column and row labels as well as cell labels extensively. Include operating instructions for
the sheet (text boxes may be used for these instructions). In summary, clearly and completely
annotate your spreadsheet model.

O

10. Use the cell and sheet formatting features found in most modern spreadsheets to improve the
appearance and presentation of your model.

9Equation solving programs have a variety of input and output screens which they call sheets. Some of these programs
can solve multiple cases by running in what is called List Solving.
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Presentation of Technical Work

11. Back up your files FREQUENTLY! And maintain at least two copies of the files or separate
diskettes! This may feel like a tedious, unnecessary, or even unproductive task but the first time
your files are damaged or lost you will value this task immediately!

the use of models

Once a model has been developed and validated (or calibrated, or shown to be correct, or tested, etc.),
you will be using the model to assist you in understanding some sysiem or making decisions based on
your model. You may use the model one or two times, or in some instances, you may use the model a
great many times (i.e., you will execute the model for a number of design cases). Itiseasy to be
overwhelmed by the enormity of data that can be generated wich a computer model, and the
presentation of this work needs careful consideration; in particular, hiow to display the results of all
these runs and how to discuss the results of the runs.

displaying the results

The important results of any case, such as those used to substantiate a conclusion, can be displayed
using plots and or tables. Tables are generally required for any plot shown; however, there is no need
to generate plots for all the tabular data; only the most important relationships need to be plotted. The
data from all cases that are run using the same model (i.e., the equations are not changed from run to
run; only the input data are changed) should be grouped together in some logical order (chronological,
variable changed from case to case, etc.).

It is important that the numerical values of all the variables be known for each case or run. Generally
you will have a large set of result variables that are not changed for any of the cases and a smaller set
of variables that are changed from case to case or run to run. A listing of the variables which are held
constant during a case or run, and their numerical values, needs to precede the case results. For each
case that you run, you will generate a set of lists, probably collected into a table, showing how the
result variables changed. For each case, you must annotate the lists or tables of results with an
explanation of what has changed from the previous case (i.e., specify the numerical values of the
variables that changed for the each case). If you use a general table containing numerous result
variables, only some of which are of interest for each case, you must identify or mark the variables of
interest (using a highlighting marker is acceptable or you may use formatting in a spreadsheet).

discussing the results

When you present the results of your work you need to explicitly discuss the results (i.e., never
submit a plot or a table without some discussion of the table or plot). This written discussion will
probably precede the results (the tables or plots). When you develop this discussion you should look
at the data and then tell the reader what you want the reader to notice (explicit presentation); do not
make the reader figure out (i.e., infer) what is important or interesting about the data (implicit
presentation). Explain what decisions you have made or will make based on the data. If the data has
any anomalies do nct ignore them; either attempt to explain why they exist or admit that after
consideration you cannos really explain the unusual (unexpected) shape. The discussion must refer to
the plots and tables by their names or numbers.

<
S
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Part III -- Portfolios & Matrices Made Easy

Now that you have work to present how should it be organized? Organizing your work is always
important. Organized work is work that can be used again. It can be used to review the semester’s
work; it can be used to remind you how to do something a year later; it can be used to show someone
else what you have done. There are many ways to organize the work (e.g., chronologically, by
assignment number, alphabetically, etc.), each appropriate depending on the reason for organizing the
work. In this class the goal is to organize the work in a fashion that allows ease of assessment.

This is a three step process. First, an organizing structure must be defined and implemented; second,
the work you do must be inserted within the created structure; and third, the index to the work must be
updated. The first step is the creation of an empty, but functional, Portfolio; the second step is the
filling in of the Portfolio; the third step is the updating of the Competency Matrix. The last two steps
are the assessment steps and are the most difficult to do. This part of the guide is meant to make it
possible for you to start the assessment process without completely understanding the process. Once
you have a general idea of what is expected here read Part IV, which focuses on the assessment
process itself. When you read Part IV you will begin the understand more fully the mechanical steps
you have been asked to perform in this section.

Creating an Empty Portfolio Structure

The following steps are the process of setting up a Portfolio for a class. An example, using the
Competency Matrix shown in Appendix B, is given.

1. Purchase a three ring binder with hard covers that can take standard three hole punched paper The
size binder you need will depend on how much work you will be doing during the semester; unless
you are instructed differently, a three inch thick binder should be adequate. You should also
purchase a number of tabbed page dividers (see item 3 to determine how many dividers you need).

2. Obtain the Competency Matrix for the class from your course instructor (see Appendix B for
matrix to be used in the example).

3. Label your page dividers as follows and put them into the binder.
1. Mark the tab on your first divider 0-competency matrix.

2. You now need to create a series of numbered dividers, one for each of the Learning
Qutcomes in your matrix.

a. Review the Competency Matrix; note that the left hand column is labeled as either Learning
Outcomes or Competency Category. If you note this column on each page of the matrix
you will see from one to three (four) different topics listed. Each topic is a learning
outcome (competency category) for the course. The matrix shown in Appendix B includes
two learning outcomes: differentiation and team meetings.

b. Review the entire Competency Matrix and count the number of different learning outcomes.
If the number is N then use N more page dividers. For the Appendix B course you would
get out two more dividers (i.e., N=2).

c. Label each of your N divider’s tabs with a number and Learning Qutcome. For the
Appendix B course you would have two dividers with tabs lateled as
1-differentiation and 2-team meetings.

Label the next divider N+1 class notes (for example it would be 3-class notes)
Label the next divider N+2 work logs (for example it would be 4-work logs)
Label the next divider N+3 run charts (for example it would be 5-run charts)

Label the next divider N+4 reflection logs (for example it would be 6-reflection
logs)

AN bW
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Figure 2
Portfolio Dividers For Example Competency Matrix in Appendix B

4. Punch holes in your competency matrix and insert it behind the first divider.

Your Portfolio is now prepared and ready to use. It has N+5 dividers (counting the divider for the
competency matrix), the competency matrix, but no work products as yet. The next section explains
how to place your work products into your Portfolio. Figure 2 shows what the dividers would look
like for the sample Portfolio for the class using matrix in Appendix B.

Filling the Portfolio

You now have an empty Portfolio ready for your work products. How this might be approached for
the class using the matrix in Appendix B. Assume you have been given an assignment at the end of a
Section that requires you to differentiate five trigonometric functions, three of which required implicit
differentiation, and that you completed the assignment, presenting your work according to the
expectations of the course instructor!0, The question is: Where does this work go?

This question may be answered in one of two ways. First, your instructor may have explicitly told
you what Learning Outcome this assignment is related to (e.g., this assignment involves the Learning
Outcome of differentiation), in which case you now know in which section of the portfolio (i.e.,
differentiation) to place the work product. On the other hand, if the instructor has not provided this
information, you will need to determine the Learning Outcome. To do this you must find the Learning
Outcome that covers the w rk and put the work in that section of the Portfolio . In our example, the
Competency Matrix shows that there are only two possible Learning Outcomes: differentiation or team

meetings. There is little question that this work product is associated with differentiation, thus, the
work belongs in Section 1 of the Portfolio.

10This means you have preparcd your work according to the expectations for homework discussed in Part II of this guide
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This example was relatively easy tut what do you do when it is not so clear-cut? The Competency
Matrix can help you decide if a particular Learning Outcome is related to the work product. In your
Competency Matrix the Learning Outcomes are further defined as rows within the Learning Outcome.
In our example, the course learning outcome differentiation is meant to include five things (exponential
functions, hyperbolic functions, implicit (differentiation), polynomials, and trigonometric functions).
For our example, this break down shows even more clearly that the work just completed truly is
associated with the first outcome and belongs in Section 1 of the Portfolio.

Before you punch holes in the work and insert it into the Portfolio you need to add some page
numbers. If this is the first work done in the section, then number the pages 1.1, 1.2, ..., 1.9
(assuming the assignment was nine pages long). If there is already work in the section find the last
page number and start with the next number for this new work. Thus, if the last page number were
1.45, you would number this latest work as 1.46, 1.47,..., 1.54. Notice that the page number
includes both the section number (1) as well as the page number (45, etc.). Once the page numbers
have been affixed to the work, punch three holes in the work and add it to your Portfolio.

Problems in Determining the Portfolio Section

The process just discussed is reasonably straight forward; however, questions do arise. Below are
two common questions with some suggested solutions.

1. I cannot find a Learning Qutcome that is associated with the work I have just done

You need to look again, more closely, at the Competency Categories (the rows in the matrix)
to make sure there are no rows addressing the work product. If you cannot find any row that
you feel is related to your work product, you need to discuss this with the course instructor.
You either do not understand what some of the rows actually mean or you have done work
beyond what was expected by the course instructor.

2. The work I have done seems to be associated with more than one section

This is not an uncommon situation. You could duplicate the work product and put copies of
the work in each appropriate section, but this is not really needed or desirable. You should
select one section and put the work product in that section. There is no fundamentally correct
way of selecting the section but you might consider putting the work product in the section
that has the most matrix rows addressed by the work product.

Now you have a Portfolio containing appropriately prepared and presented work products; however,
but you still have not created the index, the last step and the subject of the next section.

Building the Index

This is the most difficult part of the process. You need to enter on your Competency Matrix the page

numbers of the work products you have just placed in the portfolio. Where in the Matrix do these page
numbers go?

This question is already partially answered. To determine where in the Portfolio to put your work
products you had to decide on a Learning Outcome and probably the rows within the Outcome
associated with the work. Thus, for our example, we know the matrix rows of interest are rows 1.3,
and 1.5 (implicit, trigonometric functions). The question now is where along the row (i.e., in which
matrix box) do you enter the page numbers?

This question may be answered explicitly by the course instructor (e.g., This work, when done
correctly, shows Comprehension for implicit and trigonometric functions) in which case you would
enter page number 1.46 (the starting page number for the new work) into the matrix boxes located at
the intersection of rows 1.3, and 1.5 and Comprehension column.

When the instructor does not tell you the matrix location for the work you must determine this for
yourself, which is the start of the self assessment process. To determine the matrix location you must
understand the meaning of the nine columns under the Affective and Cognitive titles and the
distinctions between them. As pointed out in Part I these columns represent increasing levels of
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understanding (cognitive columns) and interest or attitude (affective columns). Some of the

characteristics or traits of work done at each of these levels is given in Appendix A to help you make
this decision.

Once you begin to understand these definitions, the question of which box to put the page numbers in
can be answered: You put the page numbers in the box under the highest level of understanding or
interest justified by the work as presented in the Portfolioll. In our example, after reading the
discussions in Appendix A, it seems reasonable that the work shows Responding and Comprehension
(both of these levels apply to working homework type problems) and you should put page number

1.46 into the boxes at the intersection of rows 1.3, and 1.5 and the Responding and Comprehension
columns.

Problems in Determining the Appropriate Matrix Column

This process takes some practice and you will need guidance from your course instructor. Here are
some common questions with some possible solutions.

1. When I look at my work and at the definitions of the levels and degrees in Appendix A, I see some
matching at a particular level but the match does not seem to be complete

This will occur frequently. The material in the Appendix is rather broad and covers a number
of different ways (activities) that show you are operating at the level of interest. Itis not
expected that your work will match all aspects of these definitions.

2. It seems to me that I have matches in several different levels or degrees, which one should I claim?

This will eccur rather frequently. The levels and degrees are based on taxonomies!2 which
means the higher levels and degrees grow out of or upon the lower levels and degrees. You
will find that the difference between the upper and lower levels and degrees is generally the
environment within which you did the work!3 or how you present your work rather than the
work product itself. When two levels are possible you should always choose the lower level
if it has not already been documented (i.e., you have not already placed a page number in the
lower box) and the higher level if the lower level has already been documented.

3. Ithink that I have been working at a high level but when I look at the work in the Portfolio I do not
think it really shows that I am working at the high level.

This will happen and must be addressed. First, you can discuss this with the course
instructor; she may be willing to accept an oral demonstration and let you put the page
number of the work product that does not really show the high level in the high level box.

An alternative is to add to your presentation of work so that the presented work does show
that you were working at the high level.

11The as presented is important because for assessment it is only the work present in the Portfolio that can be used to
establish the appropriate level.

12The systematic distinguishing, ordering and naming of typc groups within a subject ficld, Webster's Third New
International Dictionary

13Eor example, how much were you told about how to do the work and how much did you have to gin up yourself.
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What Now?

When you created your portfolio structure you were asked to create several sections that have not yet
been addressed. The section on Class notes is self explanatory but what about the others (Work Logs,
Run Charts, Reflection Logs)? Should you be putting material into these sections? These are
discussed in the next Part of this guide. If your course instructor asks you to keep Work Logs or Run
Charts, you will need to read about them in Part IV. You will not initially be asked to create Reflection
Logs and so you do not need to worry about them at this time.

After you have experienced the process of preparing work products and entering those products into
your Portfolio a few times, you will then find it worthwhile to read Part IV to get a more in depth
coverage of this evaluation process.
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Part IV -- Self Evaluation Process

The concept of an educational state was introduced in Part I; an introduction to a method that could be
used to document (verify, show) that you have reached some educational state was presented in Part

OI. Now it is time to better understand the assessment process so you can master the self evaluation
process.

Two important questions need to be answered with regard to assessment:
How do I know when I have reached some educational state? and

What do I have to do to show myself or someone else that I have indeed reached this
educational state?

When you become an expert at self evaluation you can, and will, fairly and correctly evaluate your
actual educational state with little more than internal (i.e., in your brain) evidence. But this type of
psychic evidence will not be acceptable for classes or other situations where you must show others that
you have reached a claimed educational state. In these situations you must supply documentation
(information presented in some appropriate form) that demonstrates (shows) to the satisfaction of
the reader that you have actually reached the educational states you are claiming. Even in those
situations where you are doing only self evaluation, the preparation and presentation of this

documentation generally leads to i fuller understanding of the material (see General Presentation Traits
in Part II).

Before discussing the evaluation process it is necessary to understand the various documentation
instruments (methods) that are used in the evaluation process; therefore, these instruments are
discussed first, followed by a discussion of the process.

Documentation Instruments

The documentation process uses several different instruments (methods) for recording and storing
your work. You must understand what each of these instruments is used for and how to use them
before you can effectively prodr.ce them.

A Portfolio (or Design Notebook)

A portfolio is an organized collection of your work, technical and non technical, prepared for a
particular class. It contains, in some logical sequence, all your out of class work, quizzes, tests,
reports, projects, reflection and work logs (see below), class notes (optional); that is, everything done
during the semester that relates to the class. Your portfolio becomes a collection of worked examples,

examples you can refer to in later classes (or when out of school) when you need to review a topic
learned in an earlier class.

Physically, portfolios are three hole, loose leaf binders, although accordion files can also be used.
Loose leaf binders (as opposed to other binders ) are recommended since it is possible to remove
and/or insert material, a necessary capability. The number and order of the sections in the portfolio is
not mandatory; however, the following suggested organization should help if you are not sure how to
start. Note, you may not understand what some of following sections are until you read on but once
you do understand, you will then know where to put them.

Table 1 on the next page shows a suggested organization for your portfolio. As you can see the
number of sections is not fixed, rather they are a function of the Competency Matrix associated with
the course. Once you understand your Competency Matrix you should be able to find a location (i.e.,
an appropriate section) in the portfolio for all of your work products.
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The work within a section should also be organized so that you can easily find it. To this end you will
need to number all the pages of your work. Your page numbering must be unique (i.e., no two pages
can have identical page numbers). This is probably most easily accomplished by using a numbering
scheme that includes the section and location with in section (e.g., 1.2 is page two within section 1).

A design notebook is a special type of portfolio, one containing all the technical work related to a
design project. Since design projects are often done by teams, the design notebook will include work
from a variety of people. The sections in a design notebook will not be Learning Outcomes but rather
separate technical tasks that are undertaken during the design process. Thus, for example, you could
have sectons related to Circuit Analysis, Structural Analysis, Propulsion, etc.

All the technical work in the portfolio/notebook must to the adhere to the expectations for presentation
of technical work presented in Part II.

Competency Matrix

In any class the instructor has a set of knowledge and skills (e.g., Engineering Design Process,
Second Order Differential Equations, First Law of Thermodynamics, Teaming, etc.) that she wants to
have the class learn. This set of knowledge and skills are known as the learning outcomes for the
class. Learning outcomes are generally rather abstract and must be characterized by (i.e., defined in
terms of) a number of more specific topics called competency categories. Depending on how specific
the competency categories are, it may be possible (desirable) to further divide these competency
categories.

However, it is not enough to define the learning outcomes and competency categories; the instructor
must also decide, for each of these items, what cognitive and affective behavior levels the students
should achieve. This collection of concepts to be learned and the levels at which they are to be learned
can be organized and presented in a Competency Matrix.

The general design of the matrix is quite simple. Along the left side of the matrix are the general
course Learning Outcomes (sections in portfolio) along with each Outcomes’ more specific
Competency Categories (and Sub-categories if they exist). Along the top of the matrix are the various
affective and cognitive behavior levels. Each cell in the matrix represents the intersection of a
particular competency category or learning outcome and a particular cognitive level or affective degree.
Part of a Competency Matrix for a Calculus Class is shown in Appendix B.

Note that the Competency Matrix includes black dots,

gray areas, and white areas. The black dots show the Section Content
cognitive and affective performance you are assumed | Number

to have reached when you start the class. The gray .
areas are the cognitive and affective performances that 0 Course Corppetency Matrix
you are expected to achieve during the course of the 1 First Learning Outcome in
semester. The white areas represent the cognitive and Competency Matrix
affective performance you may achieve, but are not

those explicitly expected to be achieved in th

particular class. .

At the start of a semester your matrix is empty. N Last of N Learning Outcome in
During the semester you will make entries in each of Competency Matrix

the gray (and perhaps white) boxes in the matrix. N+ 1 Class Notes

These entries are pointers to work products in your

portfolio that you feel support your claim of being at N+2  Work Logs

the specific educational state. The Documentation N +3  RunCharts

Process Section (see below) describes the information N+4 Reflection Logs

that should be noted in these boxes. e

/s a vehicle for documenting your educational state av’e .

yuu will find that the matrix serves two purposes. Suggest Portfolio Organization
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1. Itindicates the cognitive and/or affective performance you have achieved in each of the course’s
competency categories, and

2. itindicates the location of the technical work which supports the claimed educational state.
Work Logs

Work logs, as the name implies, document the time spent preparing the work products you have
prepared during the semester (i.e., the time spent on various class related tasks) . A sample work log
template is shown in Appendix B. The log contains factual information related to your work. The log
tells when the work was done, how much time was spent on the work, where the work is located in
the Portfolio, and finally a code that clarifies the type of work performed.

Run Charts

It is sometimes necessary to monitor, over time, a quantity whose value changes with time (e.g., the
outdoor temperature). In such situations it is often useful to present not only the current value of the
quantity (e.g., temperature right now) but also the running, time averaged value of the quantity (e.g.,
average temperature over the last six hours). The name Run Chart comes from this type of
presentation where you present the running history of the quantity’s value. The time changing values
can be periodically entered into tables. However, trends are hard to see in tables; therefore, this data
is generally also shown on a graph, known as a Run Chart. A run chart is just a graph or plot that has
time as the horizontal axis, and the value of the time varying quantity on the vertical axis. The chart or
plot must show the instantaneous values as well as the time averaged value. Generally the time
averaged value will be shown as a curve superimposed on the instantaneous values.

A sample Class Attendance Run Chart that might be used as a general demonstration of Responding in
a class, is shown in Appendix B. The chart shows time along the horizontal axis (i.e., class number)
and the value of attendance along the vertical axes (yes = 1, no =0). The data for each class is shown
by the height of the bar while the running average is shown by the line. In the example shown the
person missed class on the 3rd, Sth, and 11th day (bar has zero height). For the third class the
running average dropped frcm 1 (perfect attendance) to 0.67 (attendance for two of three classes). The
running average drops for each class not attended and slowly rises when classes are attended. You can
see that the running average after twenty classes is about .86.

Reflection Logs

The last of the documentation tools are the Reflection Logs. These are the most difficult documents to
produce and should only be attempted after you feel very comfortable with the evaluation process. In

fact, the ability to create these logs is really a final test to demonstrate that you really are able to do
evaluation. Why are these logs so difficult to create?

The work contained in your portfolio displays activities you have undertaken during the semester.
Some of this material shows Comprehension activities, some shows Evaluation performance, some
shows Valuing behavior, etc. Traditionally, it has been the course instructor’s task to sort through the
work and decide what educational state was shown by the work. Determining the educational state

was done by (mentally) comparing the work with a set of Standards (Exemplars 4 ) to decide which
Standard (Exemplar) the work most closely matched.

In the self evaluation mode, this task of matching work to performance Exemplars is done by you.
You must look at the work, as presented in the portfolio, and select the most appropriate educational
state Exemplar. Once you have completed this mental comparison and selection (i.e., this reflection on
the presented work) you are ready to write a Reflection Log (see Appendix B for a template) which is a
written explanation of why you selected a particular Exemplar. Such logs will contain traits from the
selected Exemplar that you observed in the presented work. The logs often also show why the work is
not a member of other possible Exemplars. These logs are meant to be informative, describing how

14Exemplar - that which serves as a pattern, especially an ideal pattem

<
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you determined the educational state. When well written, they will be persuasive, convincing other
individuals that you do understand the evaluation process for the educational state selected.

The log need not look like the template shown in Appendix B, but it should contain the same
information. The log must have an identifying entry number and it must be clear which competency
category (i.e., row(s) in the Competency Matrix) and Level of Learning and/or Degree of
Internalization (i.e., columns in the Competency Matrix) are being addressed. Additionally, it must be
clear where in the Portfolio the technical work being discussed is located. Finally, the log must
contain the paragraph(s) of reflection. You may find that the reflections require more space than is
given on the form, in which case you can append the necessary additional pages to the log entry.

The Self Evaluation Process

Now that you are familiar with the various documentation instruments it is possible to discuss the
process that will let you complete your Competency Matrix (i.e., let you fill in each gray box). This
section describes a general, self evaluation process, along with two slightly different implementations
of the process.

The general self evaluation process consists of the following six steps:
1. generate and present evidence of activities or abilities,

2. compare your evidence to a set of Abilities or Activities Exemplars defined using a
predefined hierarchy of learning,

select the Exemplar that best fits your evidence,
explain how the selected Exemplar defines your current educational state,
explain your Exemplar selection process, and
6. fillin the gray boxes in the Competency Matrix.
Details about step 1, steps 2, 3, and 4, taken together, and steps 5 and 6 follow.
Generating and Presenting Evidence (step 1)

w AW

Before steps 2, 3, and 4 of this process can be completed there must be activity and memorialization of
the activity. Thus, the first step in documenting your educational state is the generation, collection,
and presentation of evidence that can be used to show that you have indeed reached a particular
educational state. The specific work product you decide to produce (i.e., the problems you solve, the
way you solve them, and the way you present them) is influenced by the motivation you have for
doing the work. Several different motivations are possible. First, the work may be motivated strictly
by your desire to have examples showing that you are at some educational state (e.g., doing out of
class assignments assigned by the class instructor). Second, the work may be generated strictly
because you are solving a self-generated, technical problem that you have an interest (need) in solving
(e.g., working on a design project). Third, the motivation may be a combination of these two (i.e.,
working to solve self-generated problems and, incidentally, also using the work to show achievement
of some educational state).

For courses that are not project intensive, most of the work done in the class is done for the first
reason, generation of examples showing that you have learned!> the material. This sounds reasonable;
however, few assignments include a notation explaining which gray boxes in a competency matrix
should be marked to show that the assignment illustrates mastery of a competency catcgory Generally
an assignment will indicate mastery of several competency categories; with a little imagination, most
assignments can be used for a wide variety of competency categories and several different levels or
degrees. You can do an assignment to show Knowledge or Analysis depending on how you choose to
perform and present the work.

15achieved some cognitive and/or affective behavior level
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Leaming to map assignment to matrix and matrix to assignment (i.e., learmning to recognize the learning
potential in an assignment ) is not necessarily intuitive and takes some skill and thought. When you
are first learning how to do self evaluation, the course instructor will discuss with you how her
assignments are related to the matrix and what gray boxes you could reasonably use. As you gain
familiarity and skill at doing self assessment you will find the course instructor will tell you less and
less, letting you do more of the determination of the assignment’s potential. You should eventually
reach a point where you actually mold the assignment to make it fit your immediate matrix needs.

For project intensive courses the work performed is primarily of the second kind, i.e., self generated
problems, presented according to expected standards, and located in a Design Notebook. However,
since the work is part of a course with specified educational states (gray boxes), some of the technical
project work wil! also be proof of achieving these specified states. You will find that, for some of the
educational states you are striving to demonstrate, the standard (‘vanilla’) notebook presentation of the
technical work is not sufficient; the ‘vanilla’ presentation fails to show the educational state at which
you were actually operating. Itisrelatively easy to present work that actually requires critical thinking
(Analysis, Synthesis, Evaluation Levels of Learning) in a form that looks like Comprehension. In
such cases you will need to augment the standard (‘vanilla’) presentation so the work more clearly
reflects the educational state at which you were really working.

Exemplar Selection (steps 2, 3, and 4)

The Exemplars you are to use in steps 2, 3, and 4 are the various Levels of Learning and Degrees of
Internalization defined by the two educational objectives taxonomies. You are to use the write-ups
found in Appendix A as the definitions of these behavior states. The task of selecting the appropriate
Exemplar consists of reading the various definitions and descriptions of activities associated with each

Exemplar and comparing these activities with the activities that have been presented in the previous
generation step.

For example, suppose you were in a Calculus class, working assigned, single concept problems,
located at the end of a section concerning instantaneous velocity; what educational state does this type
of activity suggest? Consider the cognitive domain first. Appendix A shows that for Knowledge, you
would be expected to: define terms, read material, take simple recall quizzes. None of these activities
seem to match what you have been doing. Reviewing the next Exemplar, Comprehension, you see
descriptions such as: work assignments in which the appropriate approach is evident, describe the
results of working a problem, restate an idea in your own words. You also see that a typical work
product is well presented homework. This seems to be a better description of your work; at least there
are some matches (e.g., worked problem, discussed results). However, before selecting this
Exemplar you should consider the next higher one, Application. Here you see that the activities are
similar to those of Comprehension with the major difference being the source of the solution method
used is not immediately evideat. You must now decide whether the method you used in solving the
problem was given to you or whether you remembered the method from some other source or time.
Problems at the end of chapters and sections are almost always of ..ie first type; thus, it seems clear

that this work. is evidence of working at the Comprehension level for competency categories associated
with instantaneous velocity.

What about the affective domain? The process is identical. Consider the lowest degree, Receiving.
Appendix A illustrates that at Receiving you: listen, read, make notes of topics or items contained in
the lecture, reading or classroom activity. This does not sound like what you have been doing; it is too
passive. You have been doing. Reviewing the next degree Responding, you see: calculating,
answering questions in class, working instructor assigned problems. This seems promising; again
there is at least a partial match between what you did and the list of possible activities (i.e., doing
assigned work). Reviewing Valuing, you see that at this degree you: believe the ideas of instantaneous
velocity helps solve problems, can justify this belief, and are concerned when people express
skepticism about instantaneous velocity. This Exemplar is possible and you will have to determine
whether you are just responding or have developed a value for the material. A Calculus Course is
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likely to be your introduction to the concept and you probably will not have developed any of the
characteristics associated with Value (i.e., you are at the Responding educational state).

As another example, suppose you have created a report that explains the process you used in designing
a bridge for a team design project. What cognitive level for failure analysis might this report and
accompanying technical work support? A quick review of the lower cognitive levels shows partial
matches for Comprehension and Application with Application seeming to be the best choice since you
were not told exactly how to design the bridge and so had to recognize the utility of the solution
methods you used. Reviewing the Analysis Exemplar, you see: able to break into parts, able to
explain why the process works, able to explain causal relationships among the parts. You also see that
the typical work product includes a report and in reading your report you recognize traits that match
some of these things (e.g., breaking problem up into logical parts for studying different failure
mechanisms). Review the next Exemplar, Synthesis, where you see: put together parts, create a
report or a process. Again, the material presented in the report shows at least a partial match, you have
created the analysis process you used and, further, have explained this process in a report that you also
created. So Synthesis is shown; is Evaluation justified? Reviewing Evaluation you see¢ activities such
as: compare, choose, evaluate, criteria, etc. If you considered several, different, analysis methods
and selected one of the methods based on a rational set of criteria, then you are operating at this top
level; if you did not compare several methods but rather created a single method, then it would seem
you were at the Synthesis and not Evaluation level for failure analysis.

Note: the decision about the higher levels of learning was based heavily on what was and was not in
the report that tied the technical work together, and not so much on the presentation of the technical
work. Itis entirely possible that if you were to only present the technical work, the only conclusion
you could reach about the level of learning shown would be Comprehension.

It is difficult to determine the appropriate affective degree; you must read the descriptions and decide
which is appropriate. It will be either Responding or Valuing; however, which it is depends on you.
It is possible that, if this project is a Senior Project, you have used these failure analysis methods
enough that you do believe they are useful, in which case you are at the Valuing degree. If you do not
see them as useful, then you are probably still at the Responding degree.

You can tell from these two, rather brief examples, how you might go about selecting an appropriate
Exemplar. These examples also show that the matches between work presented and the various
Exemplars will not necessarily be exact. You will have to make some decisions aboui when there are
enough matches to justify the claim.

Explicit Justification of Exemplar Selection (step 5)

You must go through the previous comparison/selection process for every gray box in your
Competency Matrix and every piece of work you present, mentally comparing what you did and have
presented with the Exemplars. Initially, because self evaluation is a new to you and because you are
not familiar with the Exemplars, this process will take time and you may not do it correctly. In most
cases, during these learning stages of the process, your course instructor will tell you what Exemplar
is possible when you work a problem. In this case your task becomes one of making sure your
presentation supports the given Exemplar. As you learn how to generate the appropriate type of
presentation you will be learning how to do the inverse problem, €.g., recognition of an Exemplar
from a presentation of work. It is the inverse problem that was discussed in the previous section and
is what you will need to learn how to do if you are to master self evaluation.

At some point in the class, after the instructor feels that you have indeed mastered the presentation of
work for some Exemplar, the instructor may ask you to demonstrate that you truly understand the
Exemplar, by having you explain why some set of work in your Portfolio shows mastery of the
competency categories at the Exemplar of interest (e.g., persuade me that you understand what is
needed to be at the Analysis level of learning). The way you will do this is to create a Reflection Log
for the work in question.
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Self Evaluation Process

As discussed earlier, a Reflection Log discusses the process you went through in deciding which
Exempiar most closely matches the presented work. A Reflection Log is not a discussion of the work
that is done as an expected part of the presentation of the work (see Part II). Rather, a Reflection Log
focuses on the general characteristics or traits of the work, characteristics or traits that allow you to
match the work with an Exemplar. For example, if you were writing a log for the previous bridge
design report work and were making a case that the presented work supported a claim of Synthesis
level of learning you would need to look for:

1. the existence of well presented technical work
(see Typical Work Products and Process Verbs for Synthesis)

2. the existence of a report or work that tied all the technical work together
(see Typical Work Products for Syathesis)

3. discussion that was related to the creation of something
(see Typical Questions and Process Verbs for Synthesis).

In the Reflection Log you would want to point out where in the presented work you could find
examples of these three things. Thus, for example, you could point out the existence of the report as
one of the work products supporting your claim of Synthesis. You would need to point out sections
of the report where the discussion focused on creation (addresses issue 3). You would probably also
want to point out the absence of work products associated with Evaluation.

How Many Reflection Logs

For this class you will only be writing Reflection Logs when the instructor so requests and this will
usually happen after you have demonstrated in your Portfolio, as evaluated by the instructor and your
peers, that you can consistently prepare and present work at some level of learning. In other words,
you will be asked to write these Refection Logs only after you have demonstrated a Comprehensicn
Level of Leaming concerning the Exemplar of interest. You will write at least one log for each level of
learning (Exemplar). If the first log fails to show an adequate grasp of the issues associated with the
Exemplar, (i.e., fails to show you are at Comprehension Level of Learning for the Exemplar) you will
write another log, for a different body of work in your Portfolio.

Filling In The Competency Matrix Gray Boxes (step 6)

This is the last, and by far the easiest, step in the entire process. The filling in of the gray boxes
should occur at a relatively uniform rate during the semester. Entries in these gray boxes depends on
whether they are affective or cognitive boxes.

Cognitive Gray Boxes

After you have determined the appropriate Exemplar (LoL for the work), you simply enter the portfolio
(Design Notebook) page numbers that contain the evidence supporting your claim. This would be the

first page of the work product or report. It could also be the page number for a figure or chart within a
body of work.

Affective Gray Boxes

Collecting demonstration material for the gray affective boxes is a bit more difficult, especially for
Valuing where the Exemplar uses terms like believe and feel, things not easy to capture in your
presentation of work. This is the first year in which the affective domain has been explicitly used in
the Competency Matrix and I hope the class and I will learn together about how to document these

affective boxes. However, until another methods as been determined the gray affective boxes are to be
handled as follows.

1. Receiving
It seems very unlikely that you can operate at the cognitive Knowledge level without
operating at the Receiving degree. Thus, by inference, you can claim proof of Receiving any
time you justify Knowledge. Put the same Portfolio page number entry ir: the Receiving gray
box as you put in the Knowledge gray box.
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Self Evaluation Process

2. Responding
It again seems very unlikely that you can operate at the cognitive Comprehension level
without operating at the Responding degree. Thus, by inference, you can claim proof of
Responding any time you justify Comprehension . Put the same Portfolio page number entry
in the Receiving gray box as you put in the Knowledge gray box.

3. Valuin
These tg>0xes are a bit more difficult. Presentations of technical work, even high quality
presentations, do not contain the sort of information that would allow a person to deduce
whether or not you valued the process or methods being used. If you feel you have reached
this degree of internalization then you will need to prepare a Reflection Log that explains why
you have reached this degree. This Valuing Reflection Log will contain information not
found in the presentation of the work, but germane to establishing your claim of Valuing.

It may be that you do not feel that you have reached the Valuing degree by the end of the
semester. If this happens, prepare a Reflection Log that discusses why you have not reached
Valuing and refer to that log in the Competency Matrix.

For these Valuing Reflection Logs, you should enter the Reflection Log Page number into the
gray box (you can also enter the Reflection Log item number in the gray box if there is room)

Run Chart Competency Categories

You may find some of the competency categories in your Competency Matrix have been marked as
run chart categories. This designation is given to those categories that cannot be documented with a
single effort but require a semester long accumulation of efforts to show achievement of the category.
For such categories you will be maintaining a run chart that shows your semester long commitment

and, at the end of the semester, you will place that run chart’s page number in the competency matrix
box.

When Can You Claim Level or Degree Mastery?

If for some competency category you show you can operate at an educational state once, does that
mean that in this class you would always operate at that state? That is, if you were to work a second
problem using the same competency category would the second effort always be at the same
educational state as the first effort? If the answer is maybe or maybe not, then how many times niust
you perform at some educational state before you can safely claim retention of the level (i.e., claim
mastery 16of the educational state).

This discussion of mastery is limited to the time period you are in this class and does not include what
happens to your educational states once you leave the class. There is no question that, if you do not
subsequently use the competency category items in future classes or work related activities, the
educational states you achieve in this class will decay. The curriculum, of which this class is a part,
has been developed with an awareness of this time decaying nature of educational states and has been
constructed to give you many opportunities, in a series of classes, to use the competency categories
that need to have continual growth (or at least no decay) to support educational states. The expected
educational states shown in the Competency Matrix for this class are consistent with either the
educational states needed in further classes or the desired, BS graduate, life long levels of
performance.

16Note this material is using mastery of a compctency category at a level or degree and not mastery of the category,
which generally implies being able to work, unconsciously at the highest cognitive level, i.e., being an expert of the
category. Mastery , as used in this section, also does not have any performance speed attached to the meaning. Mastery
does not mean that you have instant recall or the ability to instantly solve the problem at the educational state claimed.
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Activities at Various Levels of Learning

KNOWLEDGE (INFORMATION)
How do I know I have reached this level?

I recall information. I bring to mind the appropriate material at the appropriate time. I have been
exposed to the information and can respond to questions, tasks, etc.

What do I do at this level?
I read material, listen to lectures, watch videos, take notes and I am able to pass a test of knowledge on

the subject area. I learn the vocabulary of the competency area, i.e., the terminology. Ilearn the
conventions used.

How will the teacher know I am at this level?

The teacher will provide opportunities (either orally or in written tests), regardless of complexity, that
can be answered through simple recall of previously learned material.

What does the teacher do at this level?
The teacher directs, tells, shows, identifies, examines the information necessary at this level.

What are typical ways I can demonstrate my knowledge?

1. Define technical terms by giving their attributes, properties, or relations.
2. Recall the major facts about a particular subject

3. List the characteristic ways of treating and presenting ideas (i.e., list conventions associated with
the subject)

4. Name the classes, sets, divisions, and arrangements that are regarded as fundamental for a given
subject field or problem.

5. List the criteria used to judge facts, principles, ideas.
6. Describe the method(s) of inquiry or techniques and procedures used in a particular field of study.
7. List the relevant prirciples and generalizations
8. Fill in the blank
What are typical work products?

1. hand written answers to Knowledge quizzes (True/False, Yes/No, multiple choice, fill in the
blank)

2. lists of definitions
What are descriptive Process verbs?

define label listen list
memorize name read recall
record relate repeat view

Modifications by B. McNeill of David L. Langford’s definitions of Levels of Learning in, Toral
Quality Learning Handbook, Langford Quality Education and B. Bloom et. al’s Taxonomy of
Educational Objectives, Longmans, Green and Co., 1956.
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Activities at Various Levels of Learning

COMPREHENSION (UNDERSTANDING)
How do I know I have reached this level?

I comprehend and understand what is being communicated and make use of the ideas but without
relating them to other ideas or material. I may not yet understand the fullest meaning. Iunderstand
what others are discussing concerning this idea. This level requires Knowledge.

What do I do at this level?

I successfully work assignments in which the appropriate approach is evident either because of
material in the problem statement or because of the problem’s relative location in the book to the
appropriate method. 1 translate information into my own words (translation from one level of
abstraction to another). I translate symbolic information (e.g., tables, diagrams, graphs, mathematical
formulas, etc.) into verbal forms, and vice versa. I interpret or summarize communications
(written/graphical/oral). Idetermine implications, consequences, corollaries, effects, etc. that are
extensions of trends or tendencies beyond the given data.

How will the teacher know I am at this level?

The teacher will often ask questions or give tests that can be answered by merely restating or
reorganizing material in a rather literal (clearly stating the facts or primary meaning of the material)
manner to show that I understand the essential meaning, e.g., give the ideas in your own words.

What does the teacher do at this level?

The teacher demonstrates, works problems, listens, questions, compares, contrasts, and examines the
information and your knowledge of i.

What are typical ways I can demonstrate or can show on my own my comprehension and
understanding.

1. Read (Comprehension type) problems, know what is being asked for, and successfully work the
problems

Clearly chronicle the process used in working the problem
Clearly describe the results of working a problem
Draw conclusions (interpret trends) from the results of solving a problem

Compare/contrast two different problems (i.e., what things are the same?/what things are
different?)

6. Restate an idea, theory, principle in your own words.
What are typical work products?

wv A W N

1. hand written answers to Comprehension quizzes and exams (problems, multiple choice)

2. work associated with homework problems, presented with enough information that it is clear what

the problem is, why it is being worked, what general method is being used, and what the results of
the work mean

What are descriptive process verbs?

describe explain express identify locate recognize report
restate review tell work

Modifications by B. McNeill of David L. Langford’s definitions of Levels of Learning in, Total

Quality Learning Handbook, Langford Quality Education and B. Bloom et. al’s Taxonomy of
Educational Objectives, Longmans, Green and Co., 1956.

Appendix A -2 Workbook Scction C

i

‘-4




Activities at Various Levels of Learning

APPLICATION (THINKING)
How do I know I have reached this level?

I have the ability to recognize the need to use an idea, method, concept, principle, or theory without
being told to use it, i.e., I have the ability to use ideas, methods, concepts, principles and theories in
new situations. I know and comprehend the information and can apply it to a new situation. I also
have the ability to recognize when a certain task, project, theory or concept is beyond my current
competency. Application requires having Knowledge and Comprehension.

What do I do at this level?

I work problems in which the solution method is not immediately evident or obvious. I take
knowledge that has been learned at the Knowledge and Comprehension Level of Learning and apply it
to new situations. I solve problems on my own and make use of other techniques. This requires not
only knowing and comprehending information, but deep thinking about the usefulness of this
information and how it can be used to solve new problems that I create or identify.

How will the teacher know I am at this leve]?

I will show the teacher through my work that I am involved in problem solving in new situations with
minimal identification or prompting of the appropriate rules, principles, or concepts by the teacher.
The teacher will be able to ask general questions like, How much protection from the sun is enough
and I will know how to attack the problem.

What are the typical ways I can demonstrate or show, on my own, my application of knowledge
and understanding?

1. Solve problems that require recognition of the appropriate concepts, theories, solution techniques,
etc.

2. Apply the laws of mathematics (chemistry, physics, engineering) to practical situations
3. Work project type problems
What are typical work products?

1. work that looks very much like that produced for Comprehension plus some additional information
that shows you recognized the need to use the solution methods utilized

What are descriptive process verbs?

apply demonstrate employ illustrate
interpret operate practice recognize

Modifications by B. McNeill of David L. Langford’s definitions of Levels of Learning in, Total
Quality Learning Handbook, Langford Quality Education and B. Bloom et. al’s Taxonomy of
Educational Objectives, Longmans, Green and Co., 1956.
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Activities at Various Levels of Learning

ANALYSIS (THINKING)
How do I know I have reached this level?

I can explain why. Ican examine, methodically, ideas, concepts, writing etc. and separate into parts
or basic principles. I have the ability to break down information into component parts in order to make
organization of the whole clear. Work at this level requires having Knowledge and Comprehension
Levels of Learning (Application is not required).

What do I do at this level?

I analyze results by breaking concepts, ideas, theories, etc. apart. I can explain the logical
interconnections of the parts and can develop detailed cause and effect chains.

What the teach at this level?
The teacher probes, guides, observes, and acts as a resource.

What are typical questions I can pose for myself to answer that will demonstrate or show my
Analysis Level of Learning?

Why did this (result) happen?

What reason does she give for her conclusions?

Does the evidence given support the hypothesis, the conclusion?

Are the conclusions supported by facts, opinions, or analysis of the results?

What are the causal relationships between the results for the whole and the parts?

What are the unstated assumptions?

What are typical work products?

. hand written or word processed answers to Analysis exams (problems, multiple choice, essays)

2. work that looks very much like that produced for Comprehension but it has some additional
discussion of the work. The type, amount, and depth of discussion (see items above) is what
distinguishes the work from Comprehension

What are descriptive process verbs?
break apart break down examine explain

N U W N

—

Modifications by B. McNeill of David L. Langford’s definitions of Levels of Learning in, Total

Quality Learning Handbook, Langford Quality Education and B. Bloom et. al’s Taxonomy of
Educational Objectives, Longmans, Green and Co., 1956.
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Activities at Various Levels of Learning

SYNTHESIS (THINKING)
How do I know I have reached this level?

I have the ability to put together parts and elements into a unified organization or whole that requires
original, creative thinking. Irecognize new problems and develop new tools to solve them. I create
my own plans, models, hypotheses for finding solutions to problems. This Level of Learning requires
Knowledge, Comprehension, Application and Analysis Levels of Learning.

What do I do at this level?

I put ideas together to create something. This could be a physical object, a process, a design method, a
communication, or even a set of abstract relations (i.e., mathematical models). I produce reports
(written/oral) that create a desired effect (e.g., information acquisition, acceptance of a point of view,
continued support, etc.) in the reader (listener). I generate project plans. I propose designs. I
formulate hypotheses based on the analysis of pertinent factors. I am able to generalize from a set of
axioms, principles.

How will the teacher know I am at this level?

I show that I can combine ideas into a statement, plan, product, etc., that is new for me; e.g., can I
develop a program that includes the best parts of each of those ideas?

What does the teacher do as this level?

The teacher reflects, extends, analyses, and evaluates.
What are the typical questions I can answer that will demonstrate or show my synthesis?
1. CanIcreate a project plan?
2. Can I develop a model?
3. CanI propose a design?
What are typical work products?

1. hand written or word processed answers to Synthesis exams (problems, multiple choice, essays)

2. work that looks very much like that produced for Comprehension but it has some additional
discussion of the work. The type, amouat, and depth of discussion (see items above) is what
distinguishes the work from Comprehension

What are descriptive process verbs?

arrange assemble collect compose
construct create design formulate
manage organize plan prepare
propose set up write

Modifications by B. McNeill of David L. Langford’s definitions of Levels of Learning in, Total
Quality Learning Handbook, Langford Quality Education and B. Bloom et. al’s Taxonomy of
Educational Objectives, Longmans, Green and Co., 1956.
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Activities at Various Levels of Learning

APPRECIATION/EVALUATION (WISDOM)
How do I know I have reached this level?

I have the ability to judgé and appreciate the value of ideas, procedures and methods using appropriate
criteria. To work at this level requires having achieved Knowledge, Comprehension, Application,
Analysis and Synthesis Levels of Learning.

What do I do at this level?

I make value judgments based on certain considerations such as usefulness, effectiveness, and so on.
Based on information gained through application, analysis, and synthesis I can rationally select a
process, a method, a model, a design, etc. from among a set of possible processes, methods, models,
design, etc. I evaluate competing plans of action before actually starting the planed work. I evaluate
work based on internal standards of consistency, logical accuracy, and the absence of internal flaws
(e.g., I can certify if design feasibility has been demonstrated in a report). I evaluate work based on
external standards of efficiency, cost, utility to meet particular ends (e.g., I can. certify that design
quality has been demonstrated in a report).

How will the teacher know I am at this level?

I can demonstrate that I can make a judgment about something using some criteria or standard for
making the judgment.

What does the teacher do at this level?
The teacher clarifies, accepts, harmonizes, aligns and guides.

What are tvpical statements and questions I can respond to that will demonstrate or show my
appreciation/evaluation?

I can evaluate an idea in terms of ...

For what reasons do I favor...

Which policy do I think would result in the greatest good for the greatest number?
Which of these models (i.e., modeling approaches) is best for my current needs?
How does this report show that the design is feasible?

How does this report show the quality of the design?

What are typical work products?

1. hand written or word processed answers to Evaluation exams (problems, multiple choice, essays)

. work that looks very much like that produced for Comprehension but it has some additional
discussion of the work. The type, amount, and depth of discussion (see items above) is what
distinguishes the work from Comprehension

o

What are descriptive process verbs?

appraise choose compare estimate evaluate
(quality)
judge predict rate value select
(quality)

Modifications by B. McNeill of David L. Langford’s definitions of Levels of Leamning in, Tozal

Quality Learning Handbook, Langford Quality Education and B. Bloom et. al’s Taxonomy of
Educational Objectives, Longmans, Green and Co., 1956.
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Affective Domain

RECEIVING (ATTENDING)

The degree of Receiving ranges from simple awareness, to a willingness to receive, and finally to
controlled or selected attention. You must first become aware of information, concepts, theories, etc.
before you can decide whether or not you are willing (and able!) to receive this information, etc. The
next decision is naturally whether or not this information, etc. is important enough to merit your
controlled or selected attention.

What do I do at this degree?

At this degree of internalization I am concerned only with my conscious recognition of the existence of
certain phenomena and stimuli (i.e., I am willing to receive or attend to these phenomena and stimuli).

I am willing to listen to lectures, read books or watch videos and am aware'” of the material being
presented in the lectures, books, videos'®. I have written notes or sketches related to the presentation.
How do I know 1 have reached this 2

At the end of a lecture, book or video, I can select from a set of topics the ones that were presented in
the material. I can list or briefly summarize points from the presentation.

What are descriptive process verbs?

concentrate feel (touch) listen
pay attention  read recognize

remember smell watch

YDoes not imply Comprchension or Knowledge of the matcrial only awareness

Ba point of caution: being willing to receive may not actually ensurc that you are receiving. You do not come to class
de novo. Because of previous expericnces {formal or informal), you bring a point of view which may facilitate or hinder
recognition of the teacher presented phenomena. These a priori points of view (also referred to as paradigms or leaming
styles) can filter your attending causing you to actually not reccive the intended material, even when you arc willing to
rcceive the material.

Modifications and paraphrasing by B. McNeill and L. Bellamy of David Krathwohl et. al’s Taxonomy
of Educational Objectives Book 2 Affective Domain, Longman, 1964
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Affective Domain

RESPONDING

The degree of Respondng ranges from simply agree.ng to respond, to a willingness to respond, and
finally to actually getting some satisfaction from responding to directions, requests, information,
concepts, theories, etc.

What do I do at this degree?

I leamn by doingw. I answer questions in class when called upon. I do the work assigned by the
instructor for this class. I attend and participate in team meetings organized by the instructor. Outside
of class, I spontaneously discuss course material with classmates and especially with friends who are
not classmates. I ask questions in class. I prepare notes on iny reading assignments. I reorganize and
integrate my class notes with my reading assignment notes. I participate in the learning activities
created by the instructor, both those inside the classroom and those outside of the classroom. I make
an effort to find the class material interesting and useful. I may use it as the basis of written or oral

. 20
reports in other classes .

How do I know I have reached this degree?

I feel comfortable with my team (i.e., I know that I am contributing at least what is expected by my
teammates). I meet the class deadlines. Iinvest the expected level of effort for the class. Iattend class
regularly and arrive on time. I have work products or deliverables, that I have constructed for this
class, that are well organized and accessible.

What are descriptive process verbs?

calculate discuss draw
integrate make organize
play sketéh talk
write

YAs paradigms can color what you actually receive, fear can keep you from responding, even when you are willing. Fear
of failure (as judged by an instructor or pecr), fear of looking silly, fear of ridicule, fear of missing the point, fear of
punishment, fear of a poor grade, fear is a powcrful, cxtrinsic DEmotivater which you will have to address before you
reach the Responding degree of intemnalization.

20RespOnding is still a rather low levcl of commitment and it would be incorrect to say that you value the material or
that you actively displayed an attitude toward the matcrial.

Modifications and paraphrasing by B. McNeill and L. Bellamy of David Krathwohl et. al’s Taxonomy
of Educational Objectives Book 2 Affective Domain, Longman, 1964
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Affective Domain

VALUING

The degree of Valuing ranges from simply accepting the values presented by the instructor, to
preferring these values, and finally to actually making a commitment to these values. The values of
interest here are the directions, requests, information, concepts, theories, etc. specified in the written
course material or orally by the instructor during the course.

What do I do at this degree?

I frequently use the material (i.e., skills, methods, knowledge, etc.) that I have learned to solve
problems. I may try to teach the material to people who are not familiar with the material or people
who are having difficulty understanding the material. I use the material in activities unrelated to this
class. Iform or take part in study groups to further understand the material. I may challenge people

who are skeptical about the material in an effort to help them eliminate or at least reduce their
skepticism.

How do I know T have reached this level?

I believe the material I have learned is useful and helps me solve problems. Also, I can justify or
explain this belief both to my self and to others. I make a concerted effort to obtain more information
about the class material (e.g., obtain additional books, watch extra videos, attend other classes or
seminars). I am concerned when people express their skepticism or doubts about the material and its
value or usefulness. Iam comfortable working in teams or working alone. I am interested in the class

material and demonstrate curiosity, honesty, integrity and truthfulness in dealing with others and in the
work products or deliverables I produce for the class.

l What are descriptive process verbs?

care convince use

Modifications and paraphrasing by B. McNeill and L. Bellamy of David Krathwohl et. al’s Taxonomy
of Educational Objectives Book 2 Affective Domain, Longman, 1964
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Reflection Log Template

Log Entry Number:
Competency Category(s):

Level of Leaming and/or Degree of Intermnalization Claimed:

Location of Supporting Work

Reflection

Log Entry Number:

Competency Category(s):

Level of Leaming and/or Degree of Intemalization Claimed:

Location of Supporting Work

Reflection

. . e
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I Work Log Template
l Log Entry | Name of Person Date Total Time Spent Location of Work in Work
Number | Doing the Work (decimal hours) Portfolio Code
l Work Code Definition Work Code Definition
1. 5.
. 2. 6.
3. 7.
. 4 8.
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Example Run Chart

Class Attendance

in Class

L] L]

L]
coo0o00000~

LowbhGION®O
Running Average

1

=1, , g et i Y B Y
1 1 ]

Phoaad L 1 1
T T T T

T
- N M TN VU™ o0 O

pom—
-—

Class Day

Version 3 Appendix B - 4 8 1 Workbook Section C




e e e
N .
.
. ~; .‘
,
Lo s
LA
. [ -
13 - a - °
et e
)
:
ol
hd N - . . - - .-.." - -
Introduction to Teams
- . .r B . . .. s o .
- S, - s i L . Uy : (20
: R N . ] K ' N NN 3 ..
N . T, . 1
bl e i :
v h e . . N
- v 4,: - -, -
= __\.: . . - -, b AX N .
ot N o At - e e -
i N e e 0 g . A -
- -, . ) -
. N . . - . o
» ’ ‘.
-t . ) henid T - ) . . T
R , T, Y e oL *
C . ¢ - i -
. '5 ~.' N
, ,
.
.n
’
, .
. - .
. 13
o 52
ERIC .
;
Ve . . : ’




@& ) The Environment and Purpose

< Learning Environment

+ Active (as opposed to Passive)

+ Group or team based
+ Workshop facilitators (not Lecturers)
< Purpose and Expected Participant Outcomes
« Learn the Principles of Team Dynamics
« Apply the Principles to Create Effective Teams

+ Pian, Lead, and Participate in Effective Meetings

Getting Started

2
’0

Forming Groups

< ‘Focus on the Facilitator’ Signal

’0

L)

Issue Bin

L

L

"0

Code of Cooperation

’0

L)

Self Evaluation Matrix

<,

83
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Forming Groups

< Groups of 5 or more are appropriate for this
workshop.

< Take a seat an any table or arrange the
chairs in the room to accommodate
5 or more people.

% Make an effort to seat yourself with people
you do not know

‘Focus on Facilitator’ Signal

The facilitator needs your attention:
* Raise your hands to inform your neighbors
* Finish your sentence

* Do NOT finish your paragraph

o Turn toward the Facilitator

84




Issue Bin ( a useful tool ! )

% Someone will be assigned to be the Issue Bin Collector
% The following issues will be assigned ‘o the Issue Bin:
* topics that will or may be addressed later

+ questions that can or should be deferred until the end of the
workshop

« items that can or shouid be the subject - f future workshops

% Paraphrase the issue and record on the board or a piece of paper
which is always visible

< At the conclusion of the session or workshop, the issues in the
issue bin are brought out, one at a time, and discussed to see if
they are still issues.

% Any issues which remain after the discussion must be addressed in
a future workshop.

Code Of Cooperation °

EVERY member is responsible for the team's progress and success.

Aftend ail team meetings and be on time.

Come prepared. .

Carry out assignments on schedule.

Listen to and show respect for the contributions of other members; be an active listener.
CONSTRUCTIVELY criticize ideas. not persons.

Resolve contiicts constructively.

Pay attention, avoid disruptive behavior.

Avoid disruptive side conversations.

10.  Oniy one person speaks at a time.

11.  Everyone participates, no one dominates.

12, Be succinct, avoid long anecdotes and examples.

13.  No rank in the room.

14.  Respect those not present.

15.  Ask questions when you do not understand.

16.  Attend to your personal comiort needs at any time but minimize team disruption.
17.  HAVE FUN 1t

8. ?

1.
2.
3.
4.
5.
6.
7.
8.
9.

adapted from the Boeing Airplane Group team Member Training Manual




Competency Matrix

% A ‘snap shot’ of a person’s level of learning or degree of
internalization for a variety of concepts or skills
< An L matrix of concepts, topics or skills to be learned
versus
levels ( or stages ) of learning and
degrees of internalization
< The matrix is filled out by person being evaluated
% It must be constructed by the person responsible for
(1) establishing the course objectives, and
(2) designing both the learning experiences and
assessment instruments required to achieve the
course objectives.

v, ) Making Teams Out of Groups

Productive Team
Meetings Composition
& Roles

Team Building
Issues
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o ) Making Teams Out of Groups :
Session Structure

% Lecturette on Why Teams are Important (10 minutes)

% Jigsaw on Team Dynamics (125 minutes)

( presented in two class sessions with breaks !)
< Session Process Check (5 minutes)

< Jigsaw Process Check (15 minutes)

v, } What is a team anyway?

A team is a small number of people with
complementary skills who are committed to a common
purpose, performance goals, and approach for which
they hold themselves mutually acountable'

Small Number

Complementary Skills

Common Purpose & Performance Goals
Common Approach

Mutual Accountability

K 7 K
LS R <4

2
”or

R
0.0

1 Jon R Katzenbach & Douglas K Smith 1993 The wisdom of taams Creabng the high-perkormance orgaruzaton
Cambndge MA Harvard Bumness School Press



@ Use of Teams ;

n indust! siness: “The task for us at Boeing s fo

provide a masswve change :n thinkung

< Management teams (Team Xerox, San Diego Zoo) throughout the company - this 1s a
. " hitt, "

S Continuous Quality Improvement teams (CQl) culural shit, and Risnteasyt’ o

* Design/Build teams (Chrysler H-car, Boeing 777) Exscutve Vice President

Boeing Commercial Airplanes

Inacademe:
L4 Cooperative leaming

Short-term groups
Long-term groups
Base groups
< Project-based courses
Single-disciplineteams
Multi-disciplinary teams
> Design Courses
Technical multi-disciplinary teams
Cross-functional teams (marketing, engineering, law, etc.)

D-12

Rating of Employee’s
Overall Employment Potential

Has & supenor wchn In awade ranpe of skils, has dfzplaved
iudsiandng leadershio and team skills at every g0COMINILY, Teams & adapts to changng
100 quidkly; moce than d through Wy hard work & dedcaton.
Snc o ; dern a passon for exceading the expectabons of Overat Ratng
0 ty well wath e OF NO Praparaton {1t0 100}
90
80 ¥
Factors Ic be consxlered .
70 1 inalang oversll 3vng N
Atuce
60 Has y epphed p withn several sioll areas. has Ality © Leam
occeaonally demonsiraled sionqlesdershu snd el sKiis whan condilons Were mn . A
‘adapts 1~ changng Greumstances and 10ams new skils when necessary. gets acosptable rosults !
50 Technical Competsncs
and puts 1 8 good cay’s work for & good day's pay * w poy
peoblems. shows & modest INWrest N meetng he needs of customerns aommunulu well wath Lesdership
40  certan groups end on amiiar topees Tearrwork
Commurecaton
Customer Onentaton B
30
20 -

Has marginal techncal cOMpelance with certan sk arees. dxoigys itfenlerestin assuming Actual ratng fom used by
10 (ssgershio (ands fo cuise chssonsion ATond team members, works bestin isolation, resists ampioyer of engneers
change, shows petiern of kom work otlack of dep ity when taced
with problems seeks Gin CHers 1o solve hem  demonsirates itde concem Tor anbcpatng he
O npecs of customers. swiward ih commUnICAIng Ideas 10 ohers
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INTERVIEW RATING SHEET °

e m m G &

POSITION: APPLICANT:

DATE:

The Performance Sklls to be Evidence [Evidence | Evidence | Evidence | Evidence | Insufiicient

evaluated sidli NOT | Some | Adequate { Above Superior | evidence
present | skill St JAverage skl skl Hor or agalnst

present | present | present | Present skill

(1) RISK-TAKINGANNOVATION @ @ @ @ @

remms 0 [0 |0 | 0 | ©

(3) LEADERSHIP @ @ @ @ @

{4) PROBLEM-SOLVING SKILL [0) ® ® ® ®

NOTES:

Actual radng form used by
ampioysr of engneers

What Employers Want:
A Summary

&
°os

Learning to Learn

Listening and Oral Communication

Competence in Reading, Writing, and Computation
< Adaptability: Creative Thinking and Problem Solving

< Personal Management: Self-Esteem, Goal
Setting/Motivation and Personal/Career Development

% Group Effectiveness: interpersonal Skills, Negotiation,
and Teamwork

Organizational Effectiveness and Leadership

K2
”ne

R/
%

K2
%

Source: Workplace Basics: The Skills Employsrs Want, American Society for
Training and Development and U.S. Department of Labor,
Employment and Training Administration, 1988.
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e




- 15

\ Classification of Tasks : o

1. Can the task be SUBDIVIDED?

Is st Divisible,
or Unltary (indwisible)?

2.  What s the GOAL of the task?

sitto Optimize quality, TR 73
or Maximize quantity? &

3. How are individual EFFORTS related to the team's performance?

Is it Conjunctive . Altteam members must contnbute
to the task
Disjunctive - Mfone gets tt, then all get ¢t
(eureka/non-eureka)
Additive - Rope tug, stuffing envelopes

Compensatory - One person's extra effort makes up |
for another's reduced effort

Discretionary - Team decides how individuai efforts
rejate to team performance

Why Use Teams ? °

Teams are vital because all the following are
divisible, optimizing, conjunctive tasks:

<+ Effective meetings
< Strategic planning
% Implementing innovation

< Designing continuous improvement projects

Jo




s

Meetings

Most Teamwork Occurs through
Face-to-Face Interaction in Meetings

< Over 19 million meetings take place everyday in the U.S.

< People spend over 1/2 their working life conducting,
attending, preparing for and following up on meetings

< Almost 1/2 of all meetings are considered unnecessary by
the people who attend

Gooed teamwork requires effective meetings!

@ Impact of Team Development?

From: Katzenbach & Smith, The Wisdom of Teams:
Creating the High-Performance Organization.

Perform ance Used with permission.

Impact High-Performance
Team

Working
Group
)
8 . 3 Potential
@l Team
O
Pseudo -Team Team Skills

—* Development

D-17
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Process Check

®,
e

Monitoring of processes, especially processes
which you own or are a part of, is necessary if
improvement is desired

()
o

A process check is a formalized way to do this
monitoring and should be used at the end of all
process related activities

()
9

There are many different ways to conduct a
process check

()
9

A process check must focus on the process

&
“‘

Failure of a process does not infer any judgment
about the quality of the team members

-34

Process Check : Plus / Delta

% Onone ‘postit’, place a =+ at the top and write a

BRIEF comment below about ONE thing you found
valuable and would keep for future sessions.

% On a second ‘postit’, place a A atthe top and write a

BRIEF suggestion below about how to improve ONE
thing for future sessions.

< Post the notes in the place designated by the workshop
tacilitator when you are finished.
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Learning a Process for -
Maintaining an Effective Team

In this session, we will learn and practice a process for improving and maintaining the
communication skills of the team. All of the issues and problems that can and do arise as a
natural consequence of using teams need to be addressed by the team; preferably using a
standard process. The process presented in this session includes the development of ‘social
norms’ which can be used to reduce, if not eliminate, the impact of these issues and problems on
team performance. This is your opportunity to tearn how to effectively (or affectively) address
many of your past complaints about working in groups; e.g., ‘He is always late or skips scheduled
meetings.’, ‘She is never prepared.’, ‘She never completes his part of the problem or assignment’,
‘He always wants to copy my work and that's cheating’, etc. Many of these behaviors were
flustrated in the Wwo videos used in this class. Please do your best today to develop an
understanding of this process. i want you to keep an open mind about the process and,
hopefully, leam to use it to develop a culture in your team that is harmonious and cohesive as
well as productive ! Working in ‘real’ teams can be fun !

NOTE: Social norms are the agreed upon behaviors, attitudes, values, etc. which hold ‘society’ in
general and teams in particular together. These may be implicit or explicit but they MUST be
commonly understood, reinforced, and taught (N.B. 'In the team environment, they also MUST bhe
EXPLICIT. reinforced and learned by all team members. ). Sociologists believe that it is upon the
‘norms’ that & society is built. They see these ‘norms’ as the ‘glue’ which holds society ( culture,
subculturs, team, etc. ) together . When establishing a team, the Code of Cooperation is che way
to explicitly develop norms and serves to create a basis for organization and social interaction.
When agreed upon norms start to fall apart or people disregard them and there is nothing to take
their place, there ceases to be cohesiveness. The disintegration of norms creates disorganization
which may lead to a state of anomie. Then you are really in trouble!

\ Communication Skills & Norms :
y Session Structure

Lecturette (15 minutes)
View a video; look for examples (25 minutes)
Break (until the next class period)

Promoters & Barriers to Effective Communication
(25 minutes)

Developing Norms (35 minutes)

Break (10 minutes)

Practicing Constructive Feedbacl (15 minutes)
Session Process Check (+/delta, 5 minutes)
Academic Journal Entry (10 minutes)

R/ R/ R/ R/
0.0 0.0 0.0 0’0

R/ 2 2 9 9.
o 0.0 0.0 0’0 0’0
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Ten Commanaments* o

Help each other be right. not wrong.

2. Look for ways to make new ideas work.
not for reasons they won't.

3. Ifin doubt. check it out!
Don't make negative assumptions about each other,

4. Helpeach other win, and take pride in each other’s victories.

5. Speak positively about each other and
about your organization at every opportunity.

6. Maintain a positive mental attitude
no matter what the circumstances

Act with initiative and courage, as if it all depends on you.
Do everything with enthusiasm; it's contagious.

Whatever you want; give it away.

Don't lose faith.

Have funl

W N

_._.
- o

Consensus .
/ N
an agreed upon decision by ali
team members that reflects fuli
exploration of a decision issue
and does not compromise any
strong convictions or needs ...




OVERCOMING -

/ GROUP NO THINK \

< De-emphasize status and
power differences between members.

<+ Welcome outside viewpoints.
< Encourage disagreement or clash of opinions.

< Assign one member the task of
being a devil's advocate.

K Adapled lrom Soeng Commercial Aipiane Group Tramng Matenals

©w
:

Face-To-Face Communication”

100 %™

55%

0% =

Non-Verbals Tone of Voice  Words (Verbal)

167




Directing ¢ Moralizing

interrupting ¢ Persuading

Judging Ridiculing

Name Calling ¢ Warning

FIRST Seek the ‘Intersection’ *

2 »

Their intersection | Your

‘Position’ ‘Position’

% First, see the problem from the other point of view ;
really seek FIRST to understand !

% Second, identify the ‘Intersection’
(i.e., where the ‘positions’ clearly overlap ).

< Finally, select ONE issue at a time from outside
the ‘Intersection’ to discuss and resolve.

* Select the issues that are ‘closest’ to the ‘Intersection’
and work ‘outwards’ from there : alternating between
‘their position’ and ‘your position’.

16y




% Stoptalking.

< Engage in one conversation at atime.

4 Empathize with the person speaking.

4 Ask questions.

< Don'tinterrupt.

4 Show interest.

4 Concentrate on what is being said.

4 Don't jump to conciusions.

“ Control your anger.

4% React to ideas, not to the speaker.

% Listen for what is not said. Ask questions.
< Share the responsibility for communication.

-10

Listening Techniques *

% Critical Listening
» Separate fact from opinion.
< Sympathetic Listening
» Don'ttalk - listen.
« Don't give advice - listen.
« Don'tjudge - listen.
< Creative Listening
¢ Exercise an open mind.

» Supplement your ideas with another person's
ideas and vice versa.

. ERIC

Aruitoxt provided by Eic:




) Paraphrase for Understanding
¥ Seek First to Understand, Then to be Understood

* Fo11

<% Often we are either speaking or preparing to speak with
the clear intent to reply, no?

< Try listening with the intent to paraphrase what is being
said by the other person.

< To improve your understanding and to promote true
consensus, paraphrase what was said by the speaker

e until the speaker agrees with your paraphrase !
< Then, thoughtfully prepare and deliver your response.
% This is often referred to as ‘empathic listening'.

* Covey, Stephen R.. The 7 Habits of Highly Etfective People, (1989). Simon & Schuster, Habits 4 and 5.

< Each person selects one ‘totem’ ( your pen is fine ).

< If you want to talk, place your ‘totem’ in the center of
the table ( or out in front of you ).

< First come first talk, so to speak.

<+ While your ‘totem’ is still in the center of the table, you
can not talk again until

* everyone’s ‘totem’ is in the center of the table
OR
* the current discussion topic is compieted.

< When all of the ‘totems’ have been used or the current
discussion topic is complete, the ‘totems’ are retrieved
and the process begins anew.

* Spencer Kagan describes a number of ‘communication regulators’ including Tatking Chips.
Colored Chips. Response Mode Chips. and Paraphrase Passport in Chapter 13 of his book,
Cooperative Learning (1992, San Juan Capistrano. CA: Resources for Teachers)

L'rn

Talking Chips * :
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Constructive Feedback

I1S...

< Communication to a person (or group) regarding
the effect that a person's behavior has on
another person or on the group

< Perceptions, feelings, and
reactions to the message

Constructive Feedback

+ You are an expert on

+ other people’s behavior

« your feelings

% You are NOT an expert on

+ yourbehavior

« other people’s feelings




F-15

@ ) How to Give Constructive
/ Feedback

1. « ou...” Start with a “When you . . "
When you statement that describes the

behavior without judgment,
exaggeration, labeling, attribution, or
motives. Just state the facts as
specifically as possible.

2. “l feel...” Tell how their behavior affects you.
If you need more than a word or two
to describe the feeling, it's probably
just some variation of joy, sorrow,
anger, or fear.

3. “Becausei...” Now say why you are affected that
way. Describe the connection
between the facts you observed and
the feelings they provoke in you.

From Schottes, Peter R., The Team Handbook, Joiner Associales (1988)

16

How to Give Constructive ‘
Feedback (cont.)

4. (Pause for Discussion)  Let the other person respond.

5. “l would like . . .” Describe the change.you want the
other person to consider ...

6. “Because L ar)d why you think the change will
alleviate the problem.

1] H 17 Listen to the other person’s response.
7. “What do you think . .. Be prepared to discuss options and

reach consensus on a solution.

L7




v/

1.

How to Give Constructive

F-17

Feedback Example

“Whenyou...”
“l feel...”

“Becausel...”

(Pause for Discussion)

“l would like . . .”

. “Because...”

“What do you think ...”

To Realize the Benefits of a Team Culture

“When you are late for team mestings,

| getangry ...

... because | think it is wasting the time of
all the other team members and we are
never able to get through all of the
agenda items.”

“l would like you to consider finding some
way of planning your schedule that lets
you get to these team mestings on time. “

“Because that way we can be more
productive at the team meetings and we
can all keep to our tight schedules.”

F

Requires a Change in Management Behavior

EROM JI0
Directing —» Guiding

Competing ——————————p» Collaborating

Relying on Rules ——— Focus on the Process

Using Organizational ————# Using a Network

Hierarchy

Consistency/Sameness ——# Diversity/Flexibility

Secrecy — Openness/Sharing

Passive

—» Risk Taking

Isolated Decisions ——— [nvolvement of Others

People Costs ———— People Assets

Resuits Thinking ———® Process Thinking




o ) Promoters & Barriers of
Effective Communication

%+ Goals

* Anticipating Potential Problems and
Establishing Corrective Norms

» Make team members aware of what things
bother other team members

« Organize potential problems into major groups

« Develop a strategy for addressing potential
teaming problems

» Develop a knowledge of Team Processing Tools
( see the Appendix for detailed information )

&7 ) Force Field Analysis

Purpose
A force field analysis helps teams find out what 15 dnving, slowing, or nat allowing change. The tool
helps a team to work together, to find a starting point from which to take action, and to show both sides
of the change issue.

Steps
1. On a board or large prece of paper draw a vertical line down the middle and a horizontal line across the
paper near the top

Peomoting Preveatng

2. Label the left column Promoting and the nghi column Preventing
3. Brainstorm entnes for the left hand column.

4. Branstorm entries for the right hand column.




@T ) Brainstorming and Affinity Processes

Post-its

¢ |
¢ Purpase: Brainstorming
4 Toorganize a large set of items into a smaller Hew Y ST .
i

set of related items.

&  Guidelines: /

¢ The rules of brainstorming are followed but
each idea is written (in 7 words or less,
inclading 2 noun and a verb) on a self-
adhesive Post-it note or card

4 Team members silently move the Post-it cards
around to form closely-related idea groups

4 If disagreement exists when groupirg, make
copies of the contested card and place in more
than one group

¢ Label each group with a header card which
clearly identifies and reflects the theme of the
cards

4 If there are single idea cards that don't fit weil
with the other ideas, have the team decide if
they should be kept (they may be excellent
ideas thought of only by one person)

Modified Nominal Group
Technique

Purpose
Mzdified nominal group technique 1s a technique to help a team or group quickly reduce a farge list of
tems to a smaller number of high priority tems. The process elicits a high degree of team agreement
and promotes tearn ownership. This tool is simifar to nominal group technique but not quite as involved.

Steps

Step 1
Count the number of tems on the list and divide by three. This is the number of votes each person has.
(Rnund fractions cif to the lower number.) If the tems number more than 60, do not go over a vote totat
of 20. Vote to'als of more than 20 are hard to manage. Give each team member as many colored dots
as she/he has votes.

Step 2
Have each person use his/her votes {colored dots) to select the fems he/she wants to keep. While
each person can vote for any tem, ¢ is a good idea to imit the number of votes any one item can
receive from a single person to three. Note: the team can decwde if they want to allow more or less
muttipie voting.

Step 3
List alternatives in thewr new priontized order

Step 4
Crtically discuss the top akiernatives in order t reach consensus. Ehminate those that are outside the
control of the team

-

- L0
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TEAM SCHEDULE

TIME

MONDAY

TUESDAY

WEDNESDAY

THURSDAY

FRIDAY

SATURDAY

SUNDAY

7:00

7:30

8:00

8:30

38:00

9:30

10:00

10:30

11:00

11:30

12:00

12:30

1:00

1:30

2:00

2:30

3:00

3:30

4:00

4:30

5:00

5:30

6:00

6:30

7:00

7:30

8:00

8:30

9:00

9.30

10:00

10:30

11:00

11:30

12:00




ASU COPY CENTERS

\ CLASS NOTES !

sevester 9P RING (296

nstructor . Me Nei [l ZEW)/
course ECE 106,194, 394C

PRICE - 3 3.9k
TAX ¢ 47

TOTAL 3 7' q 8

Education Copy Center | Engineering Copy Center | Business Adminstration
' (EDB 25 Payne Hall) (ECF 103) Copy Center
965.7252 965.6071 (BAC North Lobby)
M-F8&-5pm M-F 8-5pm 965.0730
M-F 8-5pm
Administration Memorial Union Computing Commons
Copy Center “ASU Fast Copy” Copy Center
(ASB 203C) (MU 16 by AMEX) (CPCOM 215)
965.4422 965.7251 965.8932
M-F 8-5pm M-F 8-5pm M-F. 8-5pm

231




